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Figure 3
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Figure 4
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Figure b,
Hucleotide and predicted amine acid
sequence for G28-8 why-fe
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Figure 7

31

4-VL-mthlg

28-8 VL-{g4s4-VH-mihigG1

(328-8 VH-{gds)

250
150

100

'\'\.



U.S. Patent Feb. 16, 2016 Sheet 9 of 17 US 9,260,529 B2

Figire 8.
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Figure 9A-B
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Figure 9C
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Figure 10
3000~ 3000~
T isotype isotype
£ W Anti-CD180 £ I Anti-CD180
£ 2000- 2 2000-
@ v
E £ N.S.
s =
B 1000+ > 1060+
> 2
0 o

1500_ 1250"
£ §1000-
E ] {oy
§ 1000 # 7504
E E
= & 500~
& s004 2
> @ 250

N.S. N.S.
0 o

¢ 000 30004

g 5

g 2004 W é 2000+ TCR KO

& ]

]

2 1000+ ] 1000~

g g N.S. N.S.
° 3 7 10 o : u

3 7

Days Post injection Days Post Injection



U.S. Patent

Feb. 16, 2016

Figure 11
C==INP-LPS
100 - (=
» MEMNPLPS +
A % i~ Anti-CD180
2 -
e 101 N.S.
o
>4
.‘J_.'
& 1+
B
™
EA
0.1
1000 = _—nm
£ C=INP-Ficolt
£ 100~ W NP-Ficoll + Anti-CD180
L
£
%. 104
£
«
1
o
=
0.1
IgM lgG1  igG2b lgG2c IgG3
1000 -
B X Isotype
W Anti-CD180

100+

ug Ighd anti-ratiml serum
- 3
i Ll

o
-

=Y
(=)
J

0.1+

»g gG2c anti-rabiml serum

0.01

Days Post-Injection

Sheet 13 0of 17

19 IgM anti-rat/mi serup

ug lgG2c anti-rat/mf serum

1000+
L3 Isotype
100-| M ANti-CD180
10
e
N.D. .
0.1
10
1
TCR KO
0.1~
N.D. N.D. N.D.
0'0” L] L] T
3 7 10

Days Post-Injection

US 9,260,529 B2



U.S. Patent

Feb. 16, 2016

Figure 12

i (]

8

2

g

FO'8 ces (x18 % MZ B celte (x10 ) 128 cefls (x10 %) T4 B cefs {x10 6 Totat Spleniocytea (X1 %
3 @
s 3 g

€04 Teells (310 ¢

CDB* T cefts {x16 ©)

£ isotype
. Ant-CD180

Days Post-Injection

Sheet 14 of 17

I isotype
PN Anti-CR180

oWt

TCR KO

T

TERKO

.8,

aMT

W= vz
Wiro
Eikd cD1Be KO FO

W cos+
k]
B8l CDR0 KO FQ

chiae

US 9,260,529 B2



US 9,260,529 B2

Sheet 15 0of 17

Feb. 16, 2016

Figure 13

M

U.S. Patent

g . X o .. ‘ .,
Sz £ : . o i
W o % b3 E g ]
H : \ " .
i .- ] 2
i 3 '
¥ 3
, & ) ' » %
i ; g ! u g
} : 2 %,
2 “ m
]
[} ¥ nKv a %,
; ) o 2 2,
« 0 $ ~ b 2 €2
n = & oW i R o
o , g y E 12 | n..
b " X
FTETTETTETTE P S S 1 1y ' NE— - T
2 § 8 8 2 &« & = 2 ~ o & - R & gy Re T T T 12,
{4 Gi%) Boykatuvids fejoy {5 0L} 5490 g 7 Dxm—x: UOGRIBINDIS ASPLY HONCIRPIOIG ABPUF HOPLINHOIE
e
w
o, i
o

TLR2/14 KO

. 82.11..5 Jeele
g e £ o8 B usraeg i 1 9z B

ngfmt LPS



U.S. Patent

Feb. 16, 2016

Figure 14

Proliferation Index

A

23

34

24

24

0.001 0.01 6.1

1@/ mb. TLR ligand

~TLR / BCR + Auti-CD180
<=--TLR{BCR
vvvvvvvvvvvv Anti-CO180

.00 0.0% 01 1
1g § mb Anti-lg

Sheet 16 of 17 US 9,260,529 B2

1

Combination index

B

TLR 2:4
{Pam;CBK,)

3
2] TR 2:6
{Pam;C8Ky4)

0.5

gi WR7

(CLO97)

8.00 0.25 0.50 0.75 1.00
Fractional Efect



U.S. Patent Feb. 16, 2016 Sheet 17 of 17 US 9,260,529 B2

Figure 15

A7 = 1 g
!sotﬂype Cisotype
. - Anti-CD180 1000 MW Anti-CD180
E asd
g [
3 1000 - §
@ IL-6 =
Yok g
N.D.
Kkk hevede
200+
-t
2 2 0
s 150
g g
= =1 100+
2 g
504
e [ 07
3w- ke
®
. 1000 4
~
£ 200+ 3
¢ - 3 7001
£ i
fad "
g 1004 TNF- o :, 400+
&
N.D. *
1004
0 ) T T T T T T *J
. * N P N O S N
¥ @ N ,@@ RN ¥ N e ,@“\@“ N E

Media LPS (ng/mf)  CpG (yug/mi) Media LPS (ngiml)  CpG {ugimi)



US 9,260,529 B2

1

MOLECULES THAT BIND CD180,
COMPOSITIONS AND METHODS OF USE

STATEMENT OF U.S. GOVERNMENT SUPPORT

This invention was made with U.S. government support
under DE16381, Al44257, and AI85311 awarded by the
National Institutes of Health. The U.S. Government has cer-
tain rights in the invention.

RELATED APPLICATIONS

This application claims prior to U.S. Provisional Patent
Application Ser. No. 61/307,801 filed Feb. 24, 2010, which is
incorporated by reference herein in its entirety.

TECHNICAL FIELD

The present disclosure relates to regulation of activation
and function of antigen-presenting cells such as B cells,
myeloid cells, and dendritic cells. The disclosure provides
compositions that activate CD180 and methods for their use.
The disclosure also provides a method for stimulation of
polyclonal immunoglobulin production for potential thera-
peutic application by binding to the CD180 receptor on B
cells.

BACKGROUND

Toll-like receptors (TLRs) are pattern recognition recep-
tors that bind a variety of microbial products such as micro-
bial membrane lipids or nucleic acids. Antigen presenting
cells (APC) including B cells, DCs and macrophages express
multiple TLRs that are bound by pathogens to activate NF-xkB
and MAP kinase pathways, resulting in expression of
costimulatory molecules and cytokine secretion. While TLRs
are important for defense against infectious disease, increas-
ing evidence suggests that TL.Rs also function as regulators of
immune responses in cancer, autoimmune disease, and trans-
plantation.

CD180 is a toll-like receptor (TLR) with a short cytoplas-
mic tail, lacking the Toll IL.-1 Receptor (TIR) domain that
mediates signal transduction and that is shared by all other
TLRs. CD180 has an extracellular structure analogous to
TLR4, with 22 leucine rich repeats and an associated co-
receptor, MD1, required for CD180 expression. CD180 is
expressed at relatively high levels by B cells, and at lower
levels by dendritic cells (DC) and other myeloid cells.

(G28-8 was the first mAb made to CD180, and was found to
stimulate proliferation of B cells and to activate rapid calcium
mobilization. Antibodies that bind to CD180 in the mouse
also cause B cell proliferation and induce MAP kinase acti-
vation, and the responses depend upon the expression of the
protein tyrosine kinases lyn and btk. However, the mecha-
nism of CD180 signal transduction is unknown since CD180
does not appear to signal directly through its short cytoplas-
mic tail.

CD180 is thought to be a regulator of TLR-4 responses. In
CD180 deficient animals, B cell proliferation and antibody
responses to TLR-4 stimulation by LPS were markedly
reduced, whereas TNFa production and septic shock after
LPS treatment were increased. Thus CD180 has been pro-
posed to be a positive regulator of TLR-4 responses by B cells
but a negative regulator of TLR-4 responses by myeloid cells
and DCs. There have been no reported studies of the function
of engineered CD180 binding domains.
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2
SUMMARY

In a first aspect, the present invention provides isolated
CD180 antibody or an antigen binding fragment thereof,
wherein the antibody or antigen binding fragment thereof
comprises a human CD180 binding domain linked to an
immunoglobulin constant region (Fc) domain that has
impaired binding to human Fc receptor FcyRIIb.

In a second aspect, the present invention provides isolated
nucleic acids encoding the antibodies of the invention.

In a third aspect, the present invention provides recombi-
nant expression vectors comprising the isolated nucleic acids
of the invention.

In a fourth aspect, the present invention provides recombi-
nant host cells comprising the recombinant expression vec-
tors of the invention.

In a fifth aspect, the present invention provides methods for
producing monoclonal immunoglobulin, comprising (a) cul-
turing the host cells of the invention under conditions suitable
for expression of the nucleic-acid encoded antibody; and (b)
isolating the antibody from the cultured cells.

In a sixth aspect, the present invention provides methods
for increasing serum immunoglobulin (Ig) level, comprising
administering to a subject in need thereof an antibody against
CD180, or antigen binding fragment thereof, wherein the
antibody comprises a human CD180 binding domain and
does not possess a functional Fc domain, wherein the anti-
body is administered in an amount effective to increase serum
Ig level.

In aseventh aspect, the present invention provides methods
for plasma protein replacement therapy, comprising admin-
istering to a subject in need thereof an antibody against
CD180, or antigen binding fragment thereof, wherein the
antibody comprises a human CD180 binding domain and
does not possess a functional Fc domain, wherein the anti-
body is administered in an amount effective to maintain
adequate antibody levels in the subject.

In an eighth aspect, the present invention provides methods
for treating a disorder selected from the group consisting of an
immune deficiency, hypogammaglobulinemia, hyper-IgM
syndrome, autoimmune disease, cancer, graft rejection, and
infections, comprising, administering to a subject in need
thereof an amount of an antibody against CD180, or antigen
binding fragment thereof, wherein the antibody comprises a
human CD180 binding domain and does not possess a func-
tional Fc domain, wherein the amount of antibody adminis-
tered is effective to treat immune deficiency, hypogamma-
globulinemia, autoimmune disease, cancer, graft rejection,
and infections.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows SDS-PAGE analysis of (G28-8 whole anti-
body and F(ab')2.

FIG. 2 shows CFSE fluorescence intensity versus MHC
class II (DR) brightness of human lymphocytes after incuba-
tion for 4 days with either medium alone, with mAb G28-8, or
with F(ab")2 fragment of G28-8.

FIG. 3 shows a histogram of CFSE fluorescence intensity
versus cell frequency gated on the DR positive population of
human blood lymphocytes, comparing the unstimulated,
(G28-8 stimulated, and G28-8 F(ab")2 stimulated cells.

FIG. 4 shows a dose titration of G28-8 or G28-8 F(ab")2 in
stimulation of human B cell proliferation, graphed as the
percentage of DR positive lymphocytes proliferating after 4
days culture, calculated from FloJo software (Ashland,
Oreg.).
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FIG. 5 shows a schematic diagram of the structure of the
CD180 specific scFv-Fc.

FIG. 6 shows the nucleotide (SEQ ID NO:1) and predicted
amino acid sequence (SEQ ID NO:2) of an exemplary anti-
body of the invention, a scFv-Fc molecule constructed from
the cloned variable regions of mAb (G28-8. The Fe domain of
the recombinant molecules is an altered human IgG1 Fe
domain with three amino acid changes (P238S, P331S,
K3228) that reduce the binding of the molecule to Fc-recep-
tors and Clq.

FIG. 7 shows a Western Blot of three different G28-8 scFvs
along with CTLA4Ig, and CTL.A4-Ig-4-1BB fusion proteins.
Each molecule was immunoprecipitated with protein A aga-
rose from 0.5 ml culture supernatants from COS7 cell tran-
sient transfections. COS7 cells were transiently transfected
by polyfect reagent (QIAGEN) using 2.5 ug plasmid mini-
preps.

FIG. 8 shows the binding of one of the recombinant G28-8
scFv-Fc molecules to an immortalized human B cell line.

FIG. 9. Anti-CD180 rapidly induces Ig production inde-
pendently of memory recall, T cell help, or MyDS88 signals.
A) WT mice received 250 pg anti-CD180 or isotype control
mADb, bled at indicated timepoints, and total serum Ig ana-
lyzed by ELISA. B) WT mice were immunized with 50 ng
NP-CgG in alum, rested, and challenged with either 250 pg
anti-CD180, 100 pg anti-CD40 plus 10 ug LPS, 25 pg uncon-
gugated CgG, 10 pg NP-CgG, or anti-CD180 plus NP-CgG,
and bled at day 10 for NP-specific Ig analysis. Non-immu-
nized mice for the naive group were age matched. C) WT,
TCR KO, and MyD88 KO mice were injected, bled at day 10,
and total serum Ig analyzed. p value between paired columns
<0.001 unless otherwise noted. n=4, replicates=4 for all
experiments.

FIG. 10. T cell deficiency delays, but does not prevent,
anti-CD180-induced Ig production. WT and TCR KO mice
were injected with 250 pg anti-CD180 or isotype control
mAb and total serum Ig analyzed by ELISA. p value between
paired columns <0.001 unless otherwise noted. n=4, repli-
cates=4.

FIG. 11. T-Independent Type-1 and 2, but not T-Dependent
antigen specific antibody, are decreased by co-administration
of'anti-CD180. A) WT mice were injected with 1 pg NP-LPS
(0.7 NP/LPS) (TI-1), or 20 ug NP-Ficoll (152 NP/Ficoll) in
combination with 250 pg anti-CD180 or isotype control mAb,
bled on day 10, and serum analyzed for NP-specific antibody.
B) WT and C) TCR KO mice were injected with 250 ng
anti-CD180 or isotype control mAb, and serum analyzed for
anti-rat Ig-specific IgM and IgG2c¢ antibody from day three,
seven, and 10 time points. p value between paired columns
<0.001 unless otherwise noted. n=4, replicates=4 for all
experiments.

FIG. 12. Anti-CD180 injection expands and differentiates
splenic B cells in vivo. A) Spleens were harvested and cells
enumerated three, seven, 10, or 14 days following injection of
250 pg anti-CD180 or isotype mAb. Total splenocytes were
subsetted by standard CD21/23/24 staining for B cell subsets
and CD3/4/8f staining for T cell subsets. n=3, replicates=3.
B) T cell-deficient (TCR KO) and B cell-deficient (uMT)
mice were injected and splenocytes analyzed at the day three
timepoint as in A. C) Unstimulated WT cells or those of a
CD180 KO control were stained for CD180 expression and
subsetted as in A.

FIG. 13. TLR signals reduce anti-CD180 induced Ig pro-
duction but augment proliferation in a MyD88-dependent
manner. A) WT mice were injected with the following TLR
agonists in combination with either 250 pg anti-CD180 or
isotype control mAb: 1 pg LPS, 2 ug Pam;CSK,, or 10 ug
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CpG. Sera were obtained at day ten and analyzed by ELISA.
n=4, replicates=3. B) TLR ligands L.PS (10 ug), CpG (25 ng),
or an equivalent volume of PBS were co-injected with either
anti-CD180 or isotype and splenocytes were analyzed at the
day 3 timepoint as above. n=3, replicates=3. C) CFSE labeled
splenocytes from TL.R2/4 KO or WT mice were cultured with
anti-CD180 (0.2 pg/ml, dashed line), LPS (0.5 pug/ml, grey
fill), or both (solid line), with an unstimulated control (black
fill). B cells were gated (FSC/SSC, B220") and CFSE dilution
analyzed. D) CFSE labeled splenocytes from WT, TRIF KO,
or MyD88 KO mice were cultured with graded doses of LPS
alone or in combination with a constant 0.1 pug/ml dose of
anti-CD180. Proliferation Index is graphed against the corre-
sponding LPS concentration. n=1, replicates=3.

FIG. 14. Anti-CD180 synergizes for proliferation with all
TLR ligands that signal through MyD88. A) Purified WT
splenic B cells were stimulated with either TLR agonist
alone, anti-CD180 alone, or both in constant ratio combina-
tions. Proliferation Index was calculated for each series and
all curves graphed against the corresponding TLR agonist
concentrations. B) The three Proliferation Index curves were
transformed into a single Combination Index (CI) curve as
described in “Materials and methods”. Combination Index
values of 1 (reference bar) indicate simple additive effect (no
interaction), CI values<1 indicate synergy (greater than addi-
tive effect), and CI values>1 indicate antagonism/inhibition.
n=1, replicates=3.

FIG. 15. Anti-CD180 does not induce cytokine production
by B cells but augments induction by TLRs. A) Purified WT
splenic B cells were seeded at 1x10° cells/ml in media with
indicated stimulants. Overnight (24 hour) culture superna-
tants were assayed by ELISA. B) Purified WT splenic DCs
were treated as in A. Differences between paired columns are
not significant unless otherwise noted. n=3, replicates=2.

DETAILED DESCRIPTION

Unless the context clearly requires otherwise, throughout
the description and the claims, the words “comprise,” “com-
prising,” and the like are to be construed in an inclusive sense
as opposed to an exclusive or exhaustive sense; that is to say,
in the sense of “including, but not limited to.” Words using the
singular or plural number also include the plural or singular
number, respectively. Additionally, the words “herein,”
“above,” and “below” and words of similar import, whenused
in this application, shall refer to this application as a whole
and not to any particular portions of this application. As used
herein, the singular forms “a”, “an” and “the” include plural
referents unless the context clearly dictates otherwise. “And”
as used herein is interchangeably used with “or” unless
expressly stated otherwise.

The description of embodiments of the disclosure is not
intended to be exhaustive or to limit the disclosure to the
precise form disclosed. While specific embodiments of, and
examples for, the disclosure are described herein for illustra-
tive purposes, various equivalent modifications are possible
within the scope of the disclosure, as those skilled in the
relevant art will recognize. For example, while method steps
or functions are presented in a given order, alternative
embodiments may perform functions in a different order, or
functions may be performed substantially concurrently. The
teachings of the disclosure provided herein can be applied to
other procedures or methods as appropriate. The various
embodiments described herein can be combined to provide
further embodiments.

All of the references cited herein are incorporated by ref-
erence. Aspects of the disclosure can be modified, if neces-
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sary, to employ the compositions, functions and concepts of
the above references and application to provide yet further
embodiments of the disclosure. These and other changes can
be made to the disclosure in light of the detailed description.

The following description provides specific details for a
thorough understanding of, and enabling description for,
embodiments of the disclosure. However, one skilled in the
art will understand that the disclosure may be practiced with-
out these details. In other instances, well-known structures
and functions have not been shown or described in detail to
avoid unnecessarily obscuring the description of the embodi-
ments of the disclosure.

In a first aspect, the present invention provides isolated
CD180 antibody or an antigen binding fragment thereof,
wherein the antibody or antigen binding fragment thereof
comprises a human CD180 binding domain linked to an
immunoglobulin constant region (Fc) domain that has
impaired binding to human Fc¢ receptor FcyRIIb.

The inventors have discovered that CD180 activation by
antibody binding is inhibited by the antibody Fc domain’s
binding to the Fc receptor FcyRIIb. Thus, for example, a
F(ab")2 fragment of anti-CD180 mAb (28-8, specific for
human CD180, was significantly more potent than the intact
antibody in stimulation of proliferation of human peripheral
blood B cells. The inventors have further discovered that
stimulation of CD180 in vivo causes a large increase in serum
immunoglobulin levels with no requirement for co-adminis-
tration of adjuvants or TLR agonists. This antibody produc-
tion capability of the antibodies of the invention is completely
unexpected. Serum immunoglobulin is important for protec-
tion from infection with bacteria, viruses, and parasites, and
thus the antibodies and other therapeutics disclosed herein
find application for the limiting and/or treating a wide variety
of'infections. Immunosuppressed patients, including patients
with cancer undergoing chemotherapy or bone marrow trans-
plantation often have low immunoglobulin levels and are
treated with immunoglobulin preparations called I[VIg, which
is also approved for use in patients with autoimmune disease.
Current methods for IVIg manufacturing use pooled serum
from large numbers of donors (>10,000/batch). Thus, the
antibodies and other therapeutics of the present invention
represent a significant improvement over current I[VIg thera-
pies, since CD180 stimulation causes endogenous B cells to
differentiate and produce antibody, thus reducing the poten-
tial for contamination with infectious agents and eliminating
the need for infusions of large quantities of exogenous anti-
body. The antibodies of the invention can be produced in
mammalian cell lines, such as CHO cells, without requiring
the addition of serum, and can also be expected to signifi-
cantly reduce the cost of [VIg-equivalent treatment.

The antibodies of the invention specifically bind to human
CD180. The phrase “specifically (or selectively) bind” to
human CD180 or “specifically (or selectively) immunoreac-
tive with,” human CD180, refers to a binding reaction that is
determinative of the presence of CD180, in a heterogeneous
population of proteins and other biologics. Thus, under des-
ignated immunoassay conditions, the antibodies bind to
human CD180 at least two times the background and more
typically more than 10 to 100 times background. Specific
binding to an antibody under such conditions requires an
antibody that is selected for its specificity for a particular
protein. For example, polyclonal antibodies raised to human
CD180, polymorphic variants, alleles, orthologs, and conser-
vatively modified variants, or splice variants, or portions
thereof, can be selected to obtain only those antibodies that
are specifically immunoreactive with human CD180 protein
and not with other proteins. This selection may be achieved,
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for example, by subtracting out antibodies that cross-react
with other molecules. A variety of immunoassay formats may
be used to select antibodies specifically immunoreactive with
human CD180. For example, solid-phase ELISA immunoas-
says are routinely used to select antibodies specifically immu-
noreactive with a protein (see, e.g., Harlow & Lane, Antibod-
ies: A Laboratory Manual (1988) and Harlow & Lane, Using
Antibodies (1999) for a description of immunoassay formats
and conditions that can be used to determine specific immu-
noreactivity).

In one embodiment, the antibodies of the invention com-
pete with the monoclonal G28.8 antibody, or an antigen bind-
ing fragment thereof for binding to human CD180. The
(G28-8 antibody is a well characterized mouse IgG1 mono-
clonal anti-CD180 antibody that is commercially available
from a variety of sources (Santa Cruz Biotechnology, Inc.
(CA); BD Biosciences (CA); etc.) As is well known to those
of'skill in the art, a variety of competition assays can be used
to assess competition of the antibodies or other compounds of
the invention with mAb (G28.8, for binding to human CD180.
In one embodiment, competition also can be assessed by a
flow cytometry test. For example, human CD180, or antigenic
fragment thereof) can be incubated first with mAb G28.8, and
then with an antibody (or other therapeutic compound) of the
present invention labeled with a detectable label (such as a
fluorophore or biotin). The test antibody typically is said to
compete with the reference mAb (G28.8 if the binding
obtained after pre-incubation with saturating amount of the
mAb G28.8 is about 80% or less, such as about 70% or less,
about 60% or less, about 50% or less, about 40% or less, about
30% or less, about 20% or less, or about 10% or less, than the
binding obtained by the test antibody without pre-incubation
with mAb G28.8. As will be clear to those of skill in the art,
the same assay could be conducted by pre-incubating with an
antibody of the invention, and then labeling mAb G28.8 and
carrying out the competition. Other competition assays are
also well within the level of skill in the art, based on the
teachings herein.

Binding affinity of the antibodies of the invention for
human CD 180 is typically measured or determined by stan-
dard antibody-antigen assays, such as BIACORE™ competi-
tive assays, saturation assays, or immunoassays such as
enzyme-linked immunosorbent assay (ELISA) or radioim-
munoassay (RIA). Such assays can be used to determine the
dissociation constant of the antibody. The phrase “dissocia-
tion constant” refers to the affinity of an antibody for an
antigen. Specificity of binding between an antibody and an
antigen exists if the dissociation constant (K,=1/K, where K
is the affinity constant) of the antibody is <1 pM, preferably
<100 nM, and most preferably <0.1 nM.

The antibodies of the invention have impaired binding to
human immunoglobulin constant region Fc receptor FcyRIIb.
The Fc domain in an antibody is composed of two heavy
chains and is involved in selective binding to Fc receptors
(FcR) on target cells. Surprisingly, the inventors have discov-
ered that CD180 activation by anti-CD180 antibody binding
is inhibited by the antibody Fc domain. As used herein, the
antibodies have “impaired binding to human immunoglobu-
lin constant region Fc receptor FcyRIIb” if binding of the Fc
domain to the inhibitory Fc Receptor FcyRIIb is reduced by at
least 50% relative to mAb G28.8 Fc domain binding to
FeyRIIb. Methods for quantitating FcR binding have been
described in the art. For example, see Presta L G, “Engineer-
ing therapeutic antibodies for improved function” Biochemi-
cal Society Transactions 30 (part 4) 487-490 (2002), U.S. Pat.
Nos.7,317,091,7,662,925,7,297,775,7,371,826, 7,335,742,
and 7,416,727, each incorporated by reference herein in their
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entirety. In various embodiments, “impaired binding” means
binding of the Fc domain to the inhibitory Fc Receptor
FeyRIIb is reduced by at least 60%, 70%, 80%, 90%, 100%,
200%, or more relative to mAb (G28.8 Fc domain binding to
FeyRIIb.

Asused herein, “antibody” includes reference to an immu-
noglobulin molecule immunologically reactive with human
CD180, and includes monoclonal antibodies. Various iso-
types of antibodies exist, for example 1gG1, 1gG2, 1gG3,
1gG4, and other Ig, e.g., IgM, IgA, IgE isotypes. The term also
includes genetically engineered forms such as chimeric anti-
bodies (e.g., humanized murine antibodies) and heteroconju-
gate antibodies (e.g., bispecific antibodies), and fully human-
ized antibodies. As used throughout the application, the term
“antibody” includes fragments with antigen-binding capabil-
ity (e.g., Fab', F(ab"),, Fab, Fv and rIgG. See also, Pierce
Catalog and Handbook, 1994-1995 (Pierce Chemical Co.,
Rockford, I11.). See also, e.g., Kuby, J., Immunology, 3 Ed.,
W.H. Freeman & Co., New York (1998). The term also refers
to recombinant single chain Fv fragments (scFv). The term
antibody also includes bivalent or bispecific molecules, dia-
bodies, triabodies, and tetrabodies. Bivalent and bispecific
molecules are described in, e.g., Kostelny et al. (1992) J
Immunol 148:1547, Pack and Pluckthun (1992) Biochemistry
31:1579, Hollinger et al., 1993, supra, Gruber et al. (1994) J
Immunol: 5368, Zhu et al. (1997) Protein Sci 6:781, Hu et al.
(1996) Cancer Res. 56:3055, Adams et al. (1993) Cancer Res.
53:4026, and McCartney, et al. (1995) Protein Eng. 8:301.
Various antigen binding domain-fusion proteins are also dis-
closed, e.g., in US patent application Nos. 2003/0118592 and
2003/0133939, and are encompassed within the term “anti-
body” as used in this application.

An antibody immunologically reactive with human CD180
can be generated by recombinant methods such as selection
of libraries of recombinant antibodies in phage or similar
vectors, see, e.g., Huse et al., Science 246:1275-1281 (1989);
Ward et al., Nature 341:544-546 (1989); and Vaughan et al.,
Nature Biotech. 14:309-314 (1996), or by immunizing an
animal with the antigen or with DNA encoding the antigen.

In one embodiment, the antibodies of the invention lack an
Fc domain altogether. Exemplary such antibodies include,
but are not limited to a Fab antibody, a Fab' antibody, a (Fab'),
antibody, and an Fv antibody. In other embodiments, the
antibodies of the invention possess an Fc domain that has
impaired binding to human immunoglobulin constant region
Fc receptor FcyRIIb domain, whether through truncation or
mutation, as described herein. Such antibodies may be, for
example, recombinant IgG, and an scFv-Fc antibodies.

Typically, an immunoglobulin has a heavy and light chain.
Each heavy and light chain contains a constant region and a
variable region, (the regions are also known as “domains”).
Light and heavy chain variable regions contain four “frame-
work™ regions interrupted by three hypervariable regions,
also called “complementarity-determining regions” or
“CDRs”. The extent of the framework regions and CDRs has
been defined. The sequences of the framework regions of
different light or heavy chains are relatively conserved within
a species. The framework region of an antibody, that is the
combined framework regions of the constituent light and
heavy chains, serves to position and align the CDRs in three
dimensional space.

The CDRs are primarily responsible for binding to an
epitope of an antigen. The CDRs of each chain are typically
referred to as CDR1, CDR2, and CDR3, numbered sequen-
tially starting from the N-terminus, and are also typically
identified by the chain in which the particular CDR is located.
Thus, a V, CDR3 is located in the variable domain of the
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heavy chain of the antibody in which it is found, whereasaV,
CDRI1 is the CDR1 from the variable domain of the light
chain of the antibody in which it is found.

“Epitope” or “antigenic determinant” refers to a site on an
antigen to which an antibody binds. Epitopes can be formed
both from contiguous amino acids or noncontiguous amino
acids juxtaposed by tertiary folding of a protein. Epitopes
formed from contiguous amino acids are typically retained on
exposure to denaturing solvents whereas epitopes formed by
tertiary folding are typically lost on treatment with denaturing
solvents. An epitope typically includes at least 3, and more
usually, at least 5 or 8-10 amino acids in a unique spatial
conformation. Methods of determining spatial conformation
of epitopes include, for example, x-ray crystallography and
2-dimensional nuclear magnetic resonance. See, e.g., Epitope
Mapping Protocols in Methods in Molecular Biology, Vol. 66,
Glenn E. Morris, Ed (1996).

References to “V” or a “VH” refer to the variable region
of'an immunoglobulin heavy chain of an antibody, including
the heavy chain of an Fv, scFv, or Fab. References to “V,” or
a “VL” refer to the variable region of an immunoglobulin
light chain, including the light chain of an Fv, scFv, dsFv or
Fab. In one embodiment, the antibody or an antigen binding
fragment of the present invention has one or more CDRs from
mAb G28.8 (ie: 1, 2, or 3 of V,; CDR1, V,; CDR2, and V,
CDR3, and/or 1, 2, or 3 of V, CDR1, V, CDR2, and V,
CDR3.

The antibodies of the invention may be single chain Fv
(“scFv”) antibodies. The phrase “single chain Fv” or “scFv”
refers to an antibody in which the variable domains of the
heavy chain and of the light chain of a traditional antibody
have been joined to form one chain. Typically, one or more
linker peptides is inserted between the chains to allow for
proper folding and creation of an active binding site.

The antibodies of the invention may be chimeric antibod-
ies. A “chimeric antibody” is an immunoglobulin molecule in
which the constant region, or a portion thereof, is altered,
replaced or exchanged so that the antigen binding site (vari-
able region) is linked to a constant region of a different or
altered class, effector function and/or species, or an entirely
different molecule which confers new properties to the chi-
meric antibody, e.g., an enzyme, toxin, hormone, growth
factor, drug, etc.

The antibodies of the invention may be humanized anti-
bodies. A “humanized antibody” is an immunoglobulin mol-
ecule which contains minimal sequence derived from non-
human immunoglobulin. Humanized antibodies include
human immunoglobulins (recipient antibody) in which resi-
dues from a complementary determining region (CDR) of the
recipient are replaced by residues from a CDR of a non-
human species (donor antibody) such as mAb G28.8 (as
described herein). In some instances, Fv framework residues
of'the human immunoglobulin are replaced by corresponding
non-human residues. Humanized antibodies may also com-
prise residues which are found neither in the recipient anti-
body nor in the imported CDR or framework sequences. In
general, a humanized antibody will comprise substantially all
of at least one, and typically two, variable domains, in which
all or substantially all of the CDR regions correspond to those
of'anon-human immunoglobulin and all or substantially all of
the framework (FR) regions are those of a human immuno-
globulin consensus sequence. The humanized antibody can
also comprise at least a portion of an immunoglobulin con-
stant region (Fc), typically that of a human immunoglobulin
(Jones et al., Nature 321:522-525 (1986); Riechmann et al.,
Nature 332:323-329 (1988); and Presta, Curr. Op. Struct.
Biol. 2:593-596 (1992)). Humanization can be essentially
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performed following the method of Winter and co-workers
(Jones et al., Nature 321:522-525 (1986); Riechmann et al.,
Nature 332:323-327 (1988); Verhoeyen et al., Science 239:
1534-1536 (1988)), by substituting rodent CDRs or CDR
sequences for the corresponding sequences of a human anti-
body. Accordingly, such humanized antibodies are chimeric
antibodies (U.S. Pat. No. 4,816,567), wherein substantially
less than an intact human variable domain has been substi-
tuted by the corresponding sequence from a non-human spe-
cies.

The antibodies of the invention can also be human antibod-
ies, which can be produced using various techniques known
in the art, including phage display libraries (Hoogenboom &
Winter, J. Mol. Biol. 227:381 (1991); Marks et al., J. Mol.
Biol. 222:581 (1991)). Other techniques are also available for
the preparation of human monoclonal antibodies (Cole et al.,
Monoclonal Antibodies and Cancer Therapy, p. 77 (1985)
and Boerner et al., J. Immunol. 147(1):86-95 (1991)). Simi-
larly, human antibodies can be made by introducing of human
immunoglobulin loci into transgenic animals, e.g., mice in
which the endogenous immunoglobulin genes have been par-
tially or completely inactivated. Upon challenge, human anti-
body production is observed, which closely resembles that
seen in humans in all respects, including gene rearrangement,
assembly, and antibody repertoire. This approach is
described, e.g.,in U.S. Pat. Nos. 5,545,807; 5,545,806; 5,569,
825; 5,625,126; 5,633,425; 5,661,016, and in the following
scientific publications: Marks et al., Bio/Technology 10:779-
783 (1992); Lonberg et al., Nature 368:856-859 (1994); Mor-
rison, Nature 368:812-13 (1994); Fishwild et al., Nature Bio-
technology  14:845-51  (1996); Neuberger, Nature
Biotechnology 14:826 (1996); Lonberg & Huszar, Intern.
Rev. Immunol. 13:65-93 (1995).

In some embodiments, the antibody of the invention is a
single chain Fv (scFv). The V; and the V; regions of a scFv
antibody comprise a single chain which is folded to create an
antigen binding site similar to that found in four chain anti-
bodies. Once folded, noncovalent interactions stabilize the
single chain antibody. While the V; and V, regions of some
antibody embodiments can be directly joined together, one of
skill will appreciate that the regions may be separated by a
peptide linker consisting of one or more amino acids. Peptide
linkers and their use are well-known in the art. See, e.g.,
Huston etal., Proc. Nat’l Acad. Sci. USA 8:5879 (1988); Bird
etal., Science 242:4236 (1988); Glockshuber et al., Biochem-
istry 29:1362 (1990); U.S. Pat. No. 4,946,778, U.S. Pat. No.
5,132,405 and Stemmer et al., Biotechnigques 14:256-265
(1993). Generally the peptide linker will have no specific
biological activity other than to join the regions or to preserve
some minimum distance or other spatial relationship between
the V; and V. However, the constituent amino acids of the
peptide linker may be selected to influence some property of
the molecule such as the folding, net charge, or hydrophobic-
ity. Single chain Fv (scFv) antibodies optionally include a
peptide linker. Methods of making scFv antibodies have been
described. See, Huse et al., supra; Ward et al. supra; and
Vaughan et al., supra.

In some embodiments, the antibodies are bispecific (or
multi-specific) antibodies. Bispecific antibodies are mono-
clonal, preferably human or humanized, antibodies that have
binding specificities for at least one other antigen besides
CD180 or that have binding specificities for different CD180
epitopes. In one embodiment, the isolated antibody or an
antigen binding fragment comprises one or more Fc domain
mutations to impair binding to the FcyRIIb receptor. Any
suitable Fc domain mutants can be used so that the resulting
Fc domain binding to the FcyRIIb receptor is reduced by at
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least 50% relative to mAb G28-8 Fc domain binding to the
FeyRIIb receptor. Fc mutations and truncations that can be
made to reduce binding of the antibodies of the invention to
the FcyRIIb receptor can be made by those of skill in the art,
based on the teachings herein, using binding assays to test for
binding of the resulting antibodies to the FcyRIIb receptor as
described herein and as are known in the art.

In one embodiment, the antibody is a human IgG4 mAb
with human or humanized variable regions. In another
embodiment, the antibody has an Fc domain of a human
antibody with a mutation in the CH2 region so that the mol-
ecule is not glycosylated, including but not limited to N297
(EU numbering for human IgG heavy chain constant region)
in SEQ ID NO:6. In another embodiment, the Fc domain is
human IgG1 with the three cysteines of the hinge region
(C220, C226,C229 in SEQ ID NO:6) each changed to serine,
and the proline at position 238 of the CH2 domain changed to
serine, and the proline at position 331 changed to serine. In
another preferred embodiment, the Fc domain is human IgG1
with N297 in SEQ ID NO:6 changed to any other amino acid.
In another embodiment, the Fc domain is human IgG1 with
one or more amino acid change between positions 292 and
300 in SEQ ID NO:6. In another embodiment, the Fc domain
is human IgG1 with an amino acid addition or deletion at any
position between residues 292 and 300 in SEQ ID NO:6. In
another embodiment, the Fc domain is human IgG1 with an
SCC hinge; in a further embodiment an SSS hinge. In further
embodiments, the Fc domain is human IgG1 with an SCC
hinge and P238S/P331S mutations; with an SCC hinge and
P238S/K322S5/P331S mutations; an SSS hinge and P238S/
P331S mutations; or an SSS hinge and P238S/K322S8/P331S
mutations. In another embodiment, the Fc domain is human
IgG1 with mutations that alter binding by Fc gamma recep-
tors (I, II, III) without affecting FcRn binding important for
halflife. In further embodiments Fc domain is as disclosed in
Ehrhardt and Cooper, Curr. Top. Microbiol. Immunol, 2010
Aug. 3 (Immunoregulatory Roles for Fc Receptor-Like Mol-
ecules); Davis et al., Ann. Rev. Immunol, 2007; 25:525-60
(Fc receptor-like molecules); and Swainson et al., J. Immu-
nol. 2010 Apr. 1: 184(7):3639-47.

In certain embodiments, antibodies of the invention com-
prise an amino acid substitution to an Fc domain which alters
the antigen-independent effector functions of the antibody, in
particular the circulating half-life of the antibody. Such anti-
bodies exhibit either increased or decreased binding to FcRn
when compared to antibodies lacking these substitutions and,
therefore, have an increased or decreased half-life in serum,
respectively. Fc variants with improved affinity for FcRn are
anticipated to have longer serum half-lives, and such antibod-
ies have useful applications in methods of treating mammals
where long half-life of the administered antibody is desired.
In contrast, Fc variants with decreased FcRn binding affinity
are expected to have shorter half-lives, and such antibodies
are also useful, for example, for administration to a mammal
where a shortened circulation time may be advantageous, e.g.
where the starting antibody has toxic side effects when
present in the circulation for prolonged periods. Fc variants
with decreased FcRn binding affinity are also less likely to
cross the placenta and, thus, are also useful in the treatment of
diseases or disorders in pregnant women. In addition, other
applications in which reduced FcRn binding affinity may be
desired include those applications in which localization the
brain, kidney, and/or liver is desired. In one exemplary
embodiment, the antibodies of the invention exhibit reduced
transport across the epithelium of kidney glomeruli from the
vasculature. In another embodiment, the antibodies of the
invention exhibit reduced transport across the blood brain
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barrier (BBB) from the brain, into the vascular space. In one
embodiment, a hybrid nuclease antibody with altered FcRn
binding comprises at least one Fc domain (e.g., one or two Fc
domains) having one or more amino acid substitutions within
the “FcRn binding loop” of an Fc domain. Exemplary amino
acid substitutions which altered FcRn binding activity are
disclosed in International PCT Publication No. WOO05/
047327 which is incorporated by reference herein.

In other embodiments, an antibody of the invention com-
prises an Fc variant comprising an amino acid substitution
which alters the antigen-dependent effector functions of the
polypeptide, in particular ADCC or complement activation,
e.g., as compared to a wild type Fc region. In exemplary
embodiment, said antibodies exhibit altered binding to an Fc
gamma receptor (e.g., CD16). Such antibodies exhibit either
increased or decreased binding to FcR gamma when com-
pared to wild-type polypeptides and, therefore, mediate
enhanced or reduced effector function, respectively. Fc vari-
ants with improved affinity for FcyRs are anticipated to
enhance effector function, and such antibodies have useful
applications in methods of treating mammals where target
molecule destruction is desired. In contrast, F¢ variants with
decreased FeyR binding affinity are expected to reduce effec-
tor function, and such antibodies are also useful, for example,
for treatment of conditions in which target cell destruction is
undesirable, e.g., where normal cells may express target mol-
ecules, or where chronic administration of the antibody might
result in unwanted immune system activation. In one embodi-
ment, the antibody comprising an Fc exhibits at least one
altered antigen-dependent effector function selected from the
group consisting of opsonization, phagocytosis, complement
dependent cytotoxicity, antigen-dependent cellular cytotox-
icity (ADCC), or effector cell modulation as compared to a
polypeptide comprising a wild type Fc region.

In one embodiment the antibody exhibits altered binding to
an activating FcyR (e.g. Feyl, Feylla, or FeyRIIIa). In another
embodiment, the antibody exhibits altered binding affinity to
an inhibitory FeyR (e.g. FeyRIIb). Exemplary amino acid
substitutions which altered FcR or complement binding
activity are disclosed in International PCT Publication No.
WO05/063815 which is incorporated by reference herein.

An antibody of the invention may also comprise an amino
acid substitution which alters the glycosylation of the CD180
binding molecule. For example, the Fc domain of the anti-
body may comprise an Fc domain having a mutation leading
to reduced glycosylation (e.g., N- or O-linked glycosylation)
or may comprise an altered glycoform of the wild-type Fc
domain (e.g., a low fucose or fucose-free glycan). In another
embodiment, the antibody has an amino acid substitution near
or within a glycosylation motif, for example, an N-linked
glycosylation motif that contains the amino acid sequence
NXT or NXS. Exemplary amino acid substitutions which
reduce or alter glycosylation are disclosed in International
PCT Publication No. WO05/018572 and US Patent Publica-
tion No. 2007/0111281, which are incorporated by reference
herein.

In a further embodiment, the Fc domain is a human IgG1
Fc domain comprising amino acid changes in one or more of
P238S, P331S, and K322S (including but not limited to
P238S/P3318S, K322S, and combinations thereof). In this
embodiment, it is further preferred that the antibody is an
scFv-Fc antibody, and it is further preferred that the antibody
comprises an amino acid sequence according to SEQ ID
NO:2. As disclosed herein, the inventors have shown that
such antibodies are significantly more potent that intact anti-
body (with functional Fc domain) in stimulation of prolifera-
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tion of human peripheral blood B cells and production of
serum immunoglobulin in mice.

As will be understood by those of skill in the art, in the
antibodies of any embodiment or combination of embodi-
ments disclosed herein, insertions/linkers can be inserted
between functional domains. In one non-limiting embodi-
ment, one or more linkers can be inserted between VL-VH or
VH-VL; for example, ((gly4ser)3 and (gly4ser)4 insertions
after the KLEIK (SEQ ID NO:9) sequence of the VL. and
before the beginning of VH—in this case EVQ—or after the
LTVSS (SEQID NO:10) of the VH and before the DIQ of the
VL—depending on the orientation of the V regions) Linkers
could also be inserted after the scFv and before the hinge or
other domains in more complex molecules. These could be
gly-ser type linkers or other linkers, depending on the desired
functional or spacing properties required. Other linkers could
be inserted after the CH3 domain (PGK in human IgG1, to
link the rest of a multispecific molecule to another binding
moiety, such as another scFv)

In another embodiment, a polypeptide linker comprises or
consists of a gly-ser linker. As used herein, the term “gly-ser
linker” refers to a peptide that consists of glycine and serine
residues. An exemplary gly/ser linker comprises an amino
acid sequence of the formula (Gly,Ser)n, wherein n is a
positive integer (e.g., 1, 2, 3, 4, or 5). A preferred gly/ser
linker is (Gly,Ser)4. Another preferred gly/ser linker is
(Gly,Ser)3. Another preferred gly/ser linker is (Gly,Ser)5. In
certain embodiments, the gly-ser linker may be inserted
between two other sequences of the polypeptide linker (e.g.,
any of the polypeptide linker sequences described herein). In
other embodiments, a gly-ser linker is attached at one or both
ends of another sequence of the polypeptide linker (e.g., any
of'the polypeptide linker sequences described herein). In yet
other embodiments, two or more gly-ser linker are incorpo-
rated in series in a polypeptide linker. In one embodiment, a
polypeptide linker of the invention comprises at least a por-
tion of an upper hinge region (e.g., derived from an IgGl,
1gG2, 1gG3, or 1gG4 molecule), at least a portion of a middle
hinge region (e.g., derived from an IgG1, IgG2, 1gG3, or [gG4
molecule) and a series of gly/ser amino acid residues (e.g., a
gly/ser linker such as (Gly,Ser)n).

In another embodiment, a polypeptide linker of the inven-
tion comprises a non-naturally occurring immunoglobulin
hinge region domain, e.g., a hinge region domain that is not
naturally found in the polypeptide comprising the hinge
region domain and/or a hinge region domain that has been
altered so that it differs in amino acid sequence from a natu-
rally occurring immunoglobulin hinge region domain. In one
embodiment, mutations can be made to hinge region domains
to make a polypeptide linker of the invention. In one embodi-
ment, a polypeptide linker of the invention comprises a hinge
domain which does not comprise a naturally occurring num-
ber of cysteines, i.e., the polypeptide linker comprises either
fewer cysteines or a greater number of cysteines than a natu-
rally occurring hinge molecule.

It will be understood by those of skill in the art that these
various embodiments of the Fc mutations can be combined in
the antibodies of the invention, unless the context clearly
indicates otherwise. Similarly, it will be understood by those
of skill in the art that these various embodiments of the Fc
mutations can be mutations to the Fc domain of mAb G28.8,
unless the context clearly indicates otherwise.

The antibodies of the invention may comprise conservative
amino acid substitutions. As to amino acid sequences, one of
skill will recognize that individual substitutions, deletions or
additions to a nucleic acid, peptide, polypeptide, or protein
sequence which alters, adds or deletes a single amino acid or
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a small percentage of amino acids in the encoded sequence is
a “conservatively modified variant” where the alteration
results in the substitution of an amino acid with a chemically
similar amino acid. Conservative substitution tables provid-
ing functionally similar amino acids are well known in the art.
Such conservatively modified variants are in addition to and
do not exclude polymorphic variants, interspecies homologs,
and alleles consistent with the disclosure. Typically conser-
vative substitutions for one another: 1) Alanine (A), Glycine
(G); 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine
(N), Glutamine (Q); 4) Arginine (R), Lysine (K); 5) Isoleu-
cine (I), Leucine (L), Methionine (M), Valine (V); 6) Pheny-
lalanine (F), Tyrosine (Y), Tryptophan (W); 7) Serine (S),
Threonine (T); and 8) Cysteine (C), Methionine (M) (see,
e.g., Creighton, Proteins (1984)).

The antibodies of the invention may comprise one or more
amino acid residues that are artificial chemical mimetic of a
corresponding naturally occurring amino acid, as well as to
naturally occurring amino acid polymers, those containing
modified residues, and non-naturally occurring amino acid
polymer. The term “amino acid” refers to naturally occurring
and synthetic amino acids, as well as amino acid analogs and
amino acid mimetics that function similarly to the naturally
occurring amino acids. Naturally occurring amino acids are
those encoded by the genetic code, as well as those amino
acids that are later modified, e.g., hydroxyproline, y-carboxy-
glutamate, and O-phosphoserine. Amino acid analogs refers
to compounds that have the same basic chemical structure as
a naturally occurring amino acid, e.g., an a carbon that is
bound to a hydrogen, a carboxyl group, an amino group, and
an R group, e.g., homoserine, norleucine, methionine sulfox-
ide, methionine methyl sulfonium. Such analogs may have
modified R groups (e.g., norleucine) or modified peptide
backbones, but retain the same basic chemical structure as a
naturally occurring amino acid. Amino acid mimetics refers
to chemical compounds that have a structure that is different
from the general chemical structure of an amino acid, but that
functions similarly to a naturally occurring amino acid.

The antibodies of any embodiment of the invention can
further be conjugated to an effector moiety. The effector
moiety can be any number of molecules, including labeling
moieties such as radioactive labels or fluorescent labels, a
TLR ligand or binding domain, or can be a therapeutic moi-
ety. If the effector moiety is a therapeutic moiety, it will
typically be a cytotoxic agent. In this method, targeting the
cytotoxic agent to cancer cells, results in direct killing of the
target cell. Cytotoxic agents are numerous and varied and
include, but are not limited to, cytotoxic drugs or toxins or
active fragments of such toxins. Suitable toxins and their
corresponding fragments include RNase, diphtheria A chain,
exotoxin A chain, ricin A chain, abrin A chain, curcin, crotin,
phenomycin, enomycin, auristatin and the like. Cytotoxic
agents also include radiochemicals made by conjugating
radioisotopes to antibodies of the invention, or binding of a
radionuclide to a chelating agent that has been attached to the
antibody.

In another embodiment, the antibodies of the invention are
modified to extend half-life, such as by attaching at least one
molecule to the antibody for extending serum half life,
including but not limited to a polyethlyene glycol (PEG)
group, serum albumin, transferrin, transferrin receptor or the
transferrin-binding portion thereof, or combinations thereof.
As used herein, the word “attached” refers to a covalently or
noncovalently conjugated substance. The conjugation may be
by genetic engineering or by chemical means.

The terms “isolated,” “purified,” or “biologically pure”
refer to material that is substantially or essentially free from
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components that normally accompany it as found in its native
state. Purity and homogeneity are typically determined using
analytical chemistry techniques such as polyacrylamide gel
electrophoresis or high performance liquid chromatography.
A protein or nucleic acid that is the predominant species
present in a preparation is isolated. In particular, an isolated
nucleic acid is separated from some open reading frames that
naturally flank the gene and encode proteins other than pro-
tein encoded by the gene. The term “isolated” in some
embodiments denotes that a nucleic acid or protein gives rise
to essentially one band in an electrophoretic gel. Preferably, it
means that the nucleic acid or protein is at least 85% pure,
more preferably at least 95% pure, and most preferably at
least 99% pure. In this sense, purification does not require that
the purified compound be homogenous, e.g., 100% pure.

In another embodiment, the antibodies of the invention are
present in a pharmaceutical formulation. In this embodiment,
the antibodies, or pharmaceutically acceptable salts thereof,
are combined with a pharmaceutically acceptable carrier.
Suitable acids which are capable of forming such salts
include inorganic acids such as hydrochloric acid, hydrobro-
mic acid, perchloric acid, nitric acid, thiocyanic acid, sulfuric
acid, phosphoric acid and the like; and organic acids such as
formic acid, acetic acid, propionic acid, glycolic acid, lactic
acid, pyruvic acid, oxalic acid, malonic acid, succinic acid,
maleic acid, fumaric acid, anthranilic acid, cinnamic acid,
naphthalene sulfonic acid, sulfanilic acid and the like. Suit-
able bases capable of forming such salts include inorganic
bases such as sodium hydroxide, ammonium hydroxide,
potassium hydroxide and the like; and organic bases such as
mono-, di- and tri-alkyl and aryl amines (e.g., triethylamine,
diisopropyl amine, methyl amine, dimethyl amine and the
like) and optionally substituted ethanol-amines (e.g., ethano-
lamine, diethanolamine and the like).

The pharmaceutical compositions of the invention may be
made up in any suitable formulation, preferably in formula-
tions suitable for administration by injection. In one embodi-
ment, between about 50 and about 500 mg of antibody are
present in about 1 to about 2 ml of the formulation; preferably
between about 100 mg and about 250 mg in about 1 to about
2 ml of the formulation. In these embodiments, the antibody
or antigen binding fragment thereof are present in about 25
mg/ml to about 500 mg/ml; in further embodiments, at
between about 50 mg/ml and 250 mg/ml. Such pharmaceuti-
cal compositions can be used, for example, in the methods of
the invention for increasing serum Ig levels or for plasma
protein replacement therapy. The compositions of the inven-
tion are a dramatic improvement over current methods, which
involve lengthy IV infusions of large amounts (150 grams or
more) of suspended antibody.

In a second aspect, the present invention provides isolated
nucleic acids encoding an antibody according to any embodi-
ment of the present invention. The isolated nucleic acid
sequence may comprise RNA or DNA. Such isolated nucleic
acid sequences may comprise additional sequences useful for
promoting expression and/or purification of the encoded pro-
tein, including but not limited to polyA sequences, modified
Kozak sequences, and sequences encoding epitope tags,
export signals, and secretory signals, nuclear localization
signals, and plasma membrane localization signals. In one
preferred embodiment, the isolated nucleic acid encodes a
polypeptide with an amino acid sequence according to SEQ
ID NO:2. In another embodiment, the isolated nucleic acid
comprises or consists of the nucleic acid of SEQ ID NO:1, or
amRNA product thereof. The isolated nucleic acid sequences
may further comprise conservatively modified variants of
these nucleotide sequences. With respect to particular nucleic
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acid sequences, conservatively modified variants refers to
those nucleic acids which encode identical or essentially
identical amino acid sequences, or where the nucleic acid
does not encode an amino acid sequence, to essentially iden-
tical or associated, e.g., naturally contiguous, sequences.
Because of the degeneracy of the genetic code, a large number
of functionally identical nucleic acids encode most proteins.
For instance, the codons GCA, GCC, GCG and GCU all
encode the amino acid alanine. Thus, at every position where
an alanine is specified by a codon, the codon can be altered to
another of the corresponding codons described without alter-
ing the encoded polypeptide. Such nucleic acid variations are
“silent variations,” which are one species of conservatively
modified variations. Every nucleic acid sequence herein
which encodes a polypeptide also describes silent variations
of the nucleic acid. One of skill will recognize that in certain
contexts each codon in a nucleic acid (except AUG, which is
ordinarily the only codon for methionine, and TGG, which is
ordinarily the only codon for tryptophan) can be modified to
yield a functionally identical molecule. Accordingly, often
silent variations of a nucleic acid which encodes a polypep-
tide is implicit in a described sequence with respect to the
expression product, but not with respect to actual probe
sequences.

In a third aspect, the present invention provides recombi-
nant expression vectors comprising the isolated nucleic acids
of the invention. The term “recombinant” when used with
reference, e.g., to a cell, or nucleic acid, protein, or vector,
indicates that the cell, nucleic acid, protein or vector, has been
modified by the introduction of a heterologous nucleic acid or
protein or the alteration of a native nucleic acid or protein, or
that the cell is derived from a cell so modified. Thus, e.g.,
recombinant cells express genes that are not found within the
native (non-recombinant) form of the cell or express native
genes that are otherwise abnormally expressed, under
expressed or not expressed at all. By the term “recombinant
nucleic acid” herein is meant nucleic acid, originally formed
in vitro, in general, by the manipulation of nucleic acid, e.g.,
using polymerases and endonucleases, in a form not normally
found in nature. In this manner, operably linkage of different
sequences is achieved. Thus an isolated nucleic acid, in a
linear form, or an expression vector formed in vitro by ligat-
ing DNA molecules that are not normally joined, are both
considered recombinant for the purposes disclosed herein. It
is understood that once a recombinant nucleic acid is made
and reintroduced into a host cell or organism, it will replicate
non-recombinantly, i.e., using the in vivo cellular machinery
of the host cell rather than in vitro manipulations; however,
such nucleic acids, once produced recombinantly, although
subsequently replicated non-recombinantly, are still consid-
ered recombinant for the purposes disclosed herein. Simi-
larly, a “recombinant protein” is a protein made using recom-
binant techniques, i.e., through the expression of a
recombinant nucleic acid as depicted above.

The term “heterologous” when used with reference to por-
tions of a nucleic acid indicates that the nucleic acid com-
prises two or more subsequences that are not normally found
in the same relationship to each other in nature. For instance,
the nucleic acid is typically recombinantly produced, having
two or more sequences, e.g., from unrelated genes arranged to
make a new functional nucleic acid, e.g., a promoter from one
source and a coding region from another source. Similarly, a
heterologous protein will often refer to two or more subse-
quences that are not found in the same relationship to each
other in nature (e.g., a fusion protein).

“Recombinant expression vector” includes vectors that
operatively link a nucleic acid coding region or gene to any
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promoter capable of effecting expression of the gene product.
The promoter sequence used to drive expression of the dis-
closed nucleic acid sequences in a mammalian system may be
constitutive (driven by any of a variety of promoters, includ-
ing but not limited to, CMV, SV40, RSV, actin, EF) or induc-
ible (driven by any of a number of inducible promoters
including, but not limited to, tetracycline, ecdysone, steroid-
responsive). The construction of expression vectors for use in
transfecting prokaryotic cells is also well known in the art,
and thus can be accomplished via standard techniques. (See,
for example, Sambrook, Fritsch, and Maniatis, in: Molecular
Cloning, A Laboratory Manual, Cold Spring Harbor Labora-
tory Press, 1989; Gene Transfer and Expression Protocols,
pp- 109-128, ed. E. J. Murray, The Humana Press Inc., Clif-
ton, N.J.), and the Ambion 1998 Catalog (Ambion, Austin,
Tex.). The expression vector must be replicable in the host
organisms either as an episome or by integration into host
chromosomal DNA. In a preferred embodiment, the expres-
sion vector comprises a plasmid. However, the invention is
intended to include other expression vectors that serve
equivalent functions, such as viral vectors.

In a fourth aspect, the present invention provides recombi-
nant host cells comprising the recombinant expression vec-
tors of the invention. The host cells can be either prokaryotic
or eukaryotic. The cells can be transiently or stably trans-
fected. Such transfection of expression vectors into prokary-
otic and eukaryotic cells (including but not limited to Chinese
hamster ovary (CHO) cells) can be accomplished via any
technique known in the art, including but not limited to stan-
dard bacterial transformations, calcium phosphate co-pre-
cipitation, electroporation, or liposome mediated-, DEAE
dextran mediated-, polycationic mediated-, or viral mediated
transfection. (See, for example, Molecular Cloning: A Labo-
ratory Manual (Sambrook, et al., 1989, Cold Spring Harbor
Laboratory Press; Culture of Animal Cells: A Manual of Basic
Technigue, 2"“Ed. (R. 1. Freshney. 1987. Liss, Inc. New York,
N.Y).

In a fifth aspect, the present invention provides methods for
method for producing immunoglobulin, comprising (a) cul-
turing the host cells of the invention under conditions suitable
for expression of the nucleic-acid encoded antibody; and (b)
isolating the antibody from the cultured cells. In this embodi-
ment, any embodiment of the host cells of the invention can be
used. In one embodiment, prokaryotic host cells are used and
the serum Ig is produced by methods known in the art, includ-
ing but not limited that disclosed in US Published Patent
Application 20110003337. In another embodiment, mamma-
lian host cells are used, and standard culture conditions and
isolation techniques are used.

Serum immunoglobulin is important for protection from
infection with bacteria, viruses, and parasites, and thus the
antibodies and other therapeutics disclosed herein find appli-
cation for the limiting and/or treating a wide variety of infec-
tions. Immunosuppressed patients, including patients with
cancer undergoing chemotherapy or bone marrow transplan-
tation often have low immunoglobulin levels and are treated
with immunoglobulin preparations called IVIg, which is also
approved for use in patients with autoimmune disease. Cur-
rent methods for IVIg manufacturing use pooled serum from
large numbers of donors (>10,000/batch), thus increasing risk
of infection, and requires infusion of 150+ grams of purified
antibody over a two hour span. Thus, the methods of this
aspect of the present invention represent a significant
improvement over current [VIg production techniques, in that
much smaller amounts of antibody can be administered intra-
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muscularly or intravenuously, which stimulate the subject’s B
cells to produce large amounts of serum antibody and greatly
reduces the risk of infection.

In a sixth aspect, the present invention provides methods
for increasing serum immunoglobulin (Ig) level, comprising
administering to a subject in need thereof an antibody against
CD180, or antigen binding fragment thereof, wherein the
antibody does not possess a functional Fc domain, wherein
the antibody is administered in an amount effective to
increase serum Ig level.

In a seventh aspect, the present invention provides methods
for plasma protein replacement therapy, comprising admin-
istering to a subject in need thereof an antibody against
CD180, or antigen binding fragment thereof, wherein the
antibody does not possess a functional Fc domain, wherein
the antibody is administered in an amount effective to main-
tain adequate antibody levels in the subject.

In the methods of the invention, the antibodies “do not
possess a functional Fc domain,” meaning that the Fc domain
has impaired binding to immunoglobulin constant region Fc
receptor FcyRIIb, as described herein. Thus, antibodies for
use in the methods of the invention can be any of those
disclosed herein, including antibodies that lack an Fc domain,
and those in which the Fc domain is mutated or truncated to
impair binding to FcyRIIb.

Most immunoglobulin present in the blood is natural anti-
body that contains germ-line variable regions without exten-
sive somatic mutation. The natural antibody has reactivity
towards multiple pathogens including bacteria and viruses,
and is important in first-line defense and protection from
infection. Natural antibodies mediate direct neutralization of
bacteria or viruses present in the circulation and protect mice
from encephalitis induced by vesicular stomatitis virus
(VSV). In addition, natural antibodies have protective activity
against intravenous infection with S. preumonia. Natural
antibodies also contribute to protection by enhancing phago-
cytosis of parasites. Results obtained in mice deficient in
secreted IgM demonstrated a protective role for natural anti-
bodies in bacterial clearance from the peritoneal cavity via
activation of the complement cascade and the formation of
the lytic complex, and also in the protection against a mucosal
influenza infection. Natural antibodies provide an important
link between innate and adaptive immunity by binding
complement components in immune complexes, thus
enhancing the uptake of antigen by complement receptors.
Administration of the antibodies and other therapeutic mol-
ecules disclosed herein to subjects (e.g., humans, other non-
human mammals) will increase levels of antibodies similar to
natural antibody and should thus provide protection and
enhanced immunity to a broad range of viruses, parasites, and
bacteria. CD180 stimulation with embodiments of antibodies
and other therapeutic molecules disclosed herein should
enhance innate protection from multiple environmental tox-
ins and infectious agents.

The sixth and seventh aspects of the invention can be used
with any subject that can benefit from increased Ig levels
and/or plasma protein replacement therapy. In a preferred
embodiment, the subject’s immune system is dysregulated
(ie: overactive or deficient) due to a disorder, disease, or
treatment including but not limited to subjects with IgG defi-
ciencies, hypogammaglobulinemia, other immune deficien-
cies, undergoing chemotherapy or radiation therapy (ex: can-
cer patients, bone marrow transplantation patients, etc.),
infections (bacterial, viral, parasite), autoimmune diseases,
and hyper IgM syndrome.

In an eighth aspect, the present invention provides methods
for treating a disorder selected from the group consisting of an
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immune deficiency, hypogammaglobulinemia, autoimmune
disease, cancer, graft rejection, and infections, comprising,
administering to a subject in need thereof an amount of an
antibody against CD180, or antigen binding fragment
thereof, wherein the antibody does not possess a functional Fc
domain, wherein the amount of antibody administered is
effective to treat immune deficiency, hypogammaglobuline-
mia, autoimmune disease, cancer, graft rejection, or infec-
tion. In addition to the methods disclosed above, the antibod-
ies and other therapeutic molecules described herein are also
useful for therapy of patients with autoimmune disease, can-
cer, or with dysregulated immune systems. As used herein,
“treat” or “treating” means accomplishing one or more of the
following: (a) reducing the severity of the disorder; (b) lim-
iting or preventing development of symptoms characteristic
of the disorder(s) being treated (ex: immune deficiencies in
cancer patients (or other patients) undergoing chemotherapy
and/or radiation therapy); (c¢) inhibiting worsening of symp-
toms characteristic of the disorder(s) being treated; (d) limit-
ing or preventing recurrence of the disorder(s) in patients that
have previously had the disorder(s); and (e) limiting or pre-
venting recurrence of symptoms in patients that were previ-
ously symptomatic for the disorder(s).

In each of the sixth, seventh, and eighth aspects of the
invention, the antibody to be administered can be according to
any embodiment or combination of embodiments of the anti-
bodies disclosed herein. Thus, in one embodiment of any of
these aspects, the antibody or antigen binding fragment
thereofis the antibody or antigen binding fragment is selected
from the group consisting of a Fab antibody, a Fab' antibody,
a (Fab'), antibody, a rlg, and an scFv-Fc antibody. In another
embodiment, the antibody or an antigen binding fragment has
one or more complementarity-determining regions from
mAb G28.8. Ina further embodiment, the antibody comprises
one or more Fc domain mutations to impair binding the
CD180. In a still further embodiment, the Fc domain is a
human IgG1l Fc domain comprising amino acid changes
P238S, P3318S, and K322S. In another embodiment, the anti-
body is an scFv-Fc antibody. In yet another embodiment, the
antibody comprises an amino acid sequence according to
SEQ ID NO:2. In any of these embodiments, the antibodies
can be modified to extend half-life, such as by attaching at
least one molecule to the antibody for extending serum half
life, including but not limited to a polyethlyene glycol (PEG)
group, serum albumin, transferrin, transferrin receptor or the
transferrin-binding portion thereof, or combinations thereof.

Any suitable subject capable of immunoglobulin produc-
tion can be treated according to the methods of the invention,
including but not limited to humans, primates, dogs, cats,
cattle, etc. The antibody to be used would (a) be specific for a
CD180 of the subject to be treated (ie: human CD180 specific
for human subjects, etc.), and (b) have a non-functional Fc
domain that has impaired binding to FcyRIIb of the subject to
be treated.

As used herein for all of the methods of the invention, an
“amount effective” of the one or more antibodies or other
therapeutics is an amount that is sufficient to provide the
intended benefit of treatment. An effective amount of the
antibodies or other therapeutics that can be employed ranges
generally between about 0.01 pg/kg body weight and about
10 mg/kg body weight, preferably ranging between about
0.05 pg/kg and about 5 mg/kg body weight. However dosage
levels are based on a variety of factors, including the type of
injury, the age, weight, sex, medical condition of the indi-
vidual, the severity of the condition, the route of administra-
tion, and the particular compound employed. In one embodi-
ment, between about 50 and about 500 mg of antibody are
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administered IM or IV in about a 1 ml to about a 2 ml
formulation; preferably between about 100 mg and about 250
mg in about a 1 ml to about a 2 ml formulation. Frequency of
administration can also be determined by an attending phy-
sician in light of all appropriate factors. In exemplary embodi-
ments, administration is one-two time per day, every other
day, one-two times per week, once per month, once every
other month, etc.

For administration, the antibodies or other therapeutics are
ordinarily combined with one or more excipients appropriate
for the indicated route of administration. The compounds
may be admixed with lactose, sucrose, starch powder, cellu-
lose esters of alkanoic acids, stearic acid, talc, magnesium
stearate, magnesium oxide, sodium and calcium salts of phos-
phoric and sulphuric acids, acacia, gelatin, sodium alginate,
polyvinylpyrrolidine, dextran sulfate, heparin-containing
gels, and/or polyvinyl alcohol, and tableted or encapsulated
for conventional administration. Alternatively, the antibodies
or other therapeutics may be dissolved in saline, water, poly-
ethylene glycol, propylene glycol, carboxymethyl cellulose
colloidal solutions, and/or various buffers. The antibodies
may be linked to other compounds to promote an increased
half-life in vivo, such as described herein. Such linkage can be
covalent or noncovalent as is understood by those of skill in
the art.

The antibodies or other therapeutics may be administered
by any suitable route, preferably intravenous or intramuscular
administration.

In a ninth aspect, the present invention provides methods
for identifying candidate immunostimulatory compounds
comprising identifying molecules that (a) bind to and stimu-
late CD180, and B) have minimal binding (less than that of a
normal antibody) to the inhibitory Fc receptor FeyRIIb on B
cells. CD180 binding can be measured with any sort of cap-
ture assay, such as cell based flow cytometry assays or capture
to an ELISA plate coated with purified soluble CD180 protein
and then detected with an anti-Ig second step. Modifications
to Fc domains to reduce binding to Fc receptors are disclosed
herein and are known in the art. End activity of the constructs
versus parent wild type antibodies (such as G28-8) can be
carried out using any suitable technique, including dye-dilu-
tion proliferation assays. In one exemplary embodiment, B
cells (such as PBMCs) can be labeled with a fluorophore
(such as CFSE, etc.) cultured for a suitable period of time
(such as 3-4 days) with additions of the compounds to be
screened (a first cell population for the constructs to be tested,
and a second population to be treated with control antibody),
and fluorescence of the cells on each population assessed at
the end point. As the fluorescent dye is halved as each cell
division occurs the culture with the least fluorescence had the
most active stimulant.

EXAMPLE 1

F(ab")2 fragments of mAb G28-8 were generated by pepsin
digestion using the method of Parham (J Immunol. 1983
December; 131(6):2895-902). The pepsin digestion of G28-8
was complete, since the mAb was 160 kDa prior to digestion,
and no residual 160 kDa undigested protein was detected after
pepsin treatment. The digested protein was mostly 100 kDa
F(ab")2 fragment as shown on the SDS PAGE analysis of
nonreduced protein, with smaller digestion fragments of
approximately 75 kDa and 45 kDa also present (FIG. 1).

FIG. 2 shows CFSE fluorescence intensity versus MHC
class IT (DR) brightness of lymphocytes after incubation for 4
days with either medium alone, with mAb (G28-8, or with
F(ab")2 fragment of G28-8. Human peripheral blood mono-
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nuclear cells (PBMC) were isolated by centrifugation of
heparanized peripheral blood, diluted 1:1 with phosphate
buffered saline, over Lymphocyte Separation Medium (LSM,
Cappel, Aurora, Ohio) according to manufacturer’s instruc-
tions. PBMC were labeled with carboxyfluorescein diacetate,
succinimidyl ester (CFSE, Molecular Probes, Oregon)
according to the method of Lyons et al (J. Immunol. Methods,
171:131-137, 1994) and cultured in RPMI media supple-
mented with glutamine, P/S, pyruvate, and 10% FBS. Cells
were cultured with no added antibody, with mAb G28-8, or
with F(ab")2 fragment of G28-8 as indicated. After 4 days of
culture at 37 degrees in 5% CO2, cells were stained with
PE-labeled antibody to MHC class I (DR) (BD-Pharmingen
555812,10t28211) and analyzed by flow cytometry. Lympho-
cytes were analyzed using a FACS™ SCAN (BD, Mountain
View, Calif.), and data was analyzed using FLOWJO™ soft-
ware (Ashland, Oreg.). Example 1 shows that removal of the
Fc region of CD 180 mAb (G28-8 by pepsin digestion
increased its potency in stimulation of B cell proliferation,
and that the increased potency was seen as an increase in the
maximum effect rather than simply a shifting of the dose
response curve. Example 1 also shows the sequence and
binding of a recombinant scFv-Fc molecules constructed
from the cloned variable regions of mAb G28-8, and their
binding to human B cells.

FIG. 3 shows a histogram of CFSE fluorescence intensity
versus cell frequency gated on the DR positive population of
blood lymphocytes, comparing the unstimulated, (G28-8
stimulated, and G28-8 F(ab')2 stimulated cells. FIG. 4 shows
a dose titration of G28-8 or (G28-8 F(ab')2 in stimulation of B
cell proliferation, graphed as the percentage of DR positive
lymphocytes proliferating after 4 days culture, calculated
from FLOWIJO™ software (Ashland, Oreg.). FIG. 5 shows a
schematic diagram of the structure of the CD180 specific
scFv-Fc. FIG. 6 shows the nucleotide and predicted amino
acid sequence of a scFv-Fc molecule constructed from the
cloned variable regions of mAb (G28-8. The Fe domain of the
recombinant molecules is an altered human IgG1 Fe domain
with three amino acid changes (P238S, P331S, K322S) that
reduce the binding of the molecule to Fc-receptors and Clq.
FIG. 7 shows a Western Blot of three different G28-8 scFvs
along with CTLA4Ig, and CTL.A4-Ig-4-1BB fusion proteins.
Each molecule was immunoprecipitated with protein A aga-
rose from 0.5 ml culture supernatants from COS7 cell tran-
sient transfections. COS7 cells were transiently transfected
by POLYFECT™ reagent (QIAGEN) using 2.5 ug plasmid
minipreps. FIG. 8 shows the binding of one of the recombi-
nant G28-8 scFv-Fc molecules to human B cells.

To prepare an scFv, total RNA was isolated from hybri-
doma cells growing in log phase using QTAGEN RNEASY™
kits, including QIA shredder column purification to homog-
enize cell lysates, and purification over RNEASY™ mini-
columns. Then cDNA was synthesized and anchor tailed, and
PCR performed using an anchor-tail (CCCCCC)-comple-
mentary primer and a primer, which anneals specifically to
the antisense strand of the constant region of either mouse (or
rat) Ck or mouse CH 1 (orrat) for the appropriate isotype. The
amplified variable region fragments were then TOPO®
cloned (Invitrogen), and clones with inserts of the correct size
sequenced. Consensus sequence for each variable domain are
determined from sequences of at least 4 independent clones.
The scFv is constructed by insertion of a variable length
(gly4ser) linker (10-20 amino acids) or by PCR using over-
lapping primers containing a synthetic (gly4ser)3, a
(gly4ser)4 or a hydrophilic linker containing a (glyser) motif
at each end, with the linker domain inserted between the VL
and VH regions. Constructs are fused to the human VK3 light
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chain signal peptide or alternatively a synthetic leader
sequence derived from the sequences of several different
leaders, with a Kozak signal sequence included to improve
expression level of the expressed fusion proteins. Small cas-
settes were designed which incorporated a 5' restriction site,
Kozak consensus sequence, and the leader peptide from the
human VK3 germline sequence which includes an in frame
Age I site at the end of the leader peptide, just upstream of the
framework region for the light chain variable domain. Over-
lapping, partially complementary oligonucleotides were used
in PCR extension reactions to create these short cassettes.
PCR products of the correct size were isolated by gel electro-
phoresis and cloned into the pCR®-2.1 TOPO® (Invitrogen)
vector.

PCR reactions were performed on the TOPO® cloned
DNA using a 30 cycle program with the following profile: 94
C,30sec; 55C,30-60sec; 68 C,30-60 sec, followed by a final
extension at 72 C for 8 minutes. PCR products were gel
purified and fragments recovered using a QIAQUICK™ gel
extraction kit (QIAGEN, Valencia, Calif.). Fragments were
subcloned into Puc derived vectors for creating fusion genes
and assembly of the scFv-Fc construct.

Usually, a VH was subcloned into a particular vector with
the leader peptide cassette as a three way ligation, positive
clones identified by restriction digestion, and these clones
recut with the appropriate enzymes for inserting linker and
VL domains together as a second three-way ligation. Frag-
ments were mixed together in the appropriate ratios to opti-
mize three-way ligation reactions.

Fragments were diluted 1:50 and 1 microliter used for
overlap extension PCR reactions when linkers were attached
in this manner instead of by multi-fragment ligation. Diluted
overlapping PCR products were added to standard PCR reac-
tions without additional primers and run for 2 cycles. Cycling
was then paused, and the flanking VL 5' and VH 3' primers
were added. Cycling was resumed and allowed to complete
the remainder of the 30 cycle program. The temperature pro-
file was 94 C, 60 sec; 55 C, 60 sec; and 68 C, 60 sec for 30
cycles. Human Fc domains (hinge, CH2, and CH3 domains)
were isolated from blood (human and macaque) or splenic
(mouse) RNA. Sequences were altered using overlap exten-
sion PCR to introduce mutations at residues implicated in
mediating ADCC and CDC effector functions.

Initial expression studies were performed by transient
transfection of COS cells, using POLYFECT™ (QIAGEN,
Valencia, Calif.) transfection reagent according to manufac-
turer’s instructions. Culture supernatants were harvested at
72 hours posttransfection and screened for binding to the
Ramos, Bjab, or T51 B cell lymphoma lines which expresses
high levels of varying levels of human CD180. Constructs
were then transfected into CHO DG44 cells to create stable
cell lines as described previously.

Stable production of the —Ig fusion protein was achieved
by electroporation of a selectable, amplifiable plasmid, pDG,
containing the RNase-Ig cDNA under the control of the CMV
promoter, into Chinese Hamster Ovary (CHO) cells. The
pDG vector is a modified version of pcDNA3 encoding the
DHEFR selectable marker with an attenuated promoter to
increase selection pressure for the plasmid. Plasmid DNA
was prepared using Qiagen maxiprep kits, and purified plas-
mid was linearized at a unique Ascl site prior to phenol
extraction and ethanol precipitation. Salmon sperm DNA
(Sigma-Aldrich, St. Louis, Mo.) was added as carrier DNA,
and 100 pg each of plasmid and carrier DNA was used to
transfect 107 CHO DG44 cells by electroporation. Cells were
grown to logarithmic phase in EX-CELL® 302 media (JRH
Biosciences) containing glutamine (4 mM), pyruvate, recom-
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binant insulin, penicillin-streptomycin, and 2xDMEM non-
essential amino acids (all from Life Technologies, Gaithers-
burg, Md.), hereafter referred to as “EX-CELL® 302
complete” media. Media for untransfected cells also con-
tained HT (diluted from a 100x solution of hypoxanthine and
thymidine) (Invitrogen/Life Technologies). Media for trans-
fections under selection contained varying levels of methotr-
exate (SigmaAldrich) as selective agent, ranging from 50 nM
to 1 uM. Electroporations were performed at 280 volts, 950
microFarads. Transfected cells were allowed to recover over-
night in non-selective media prior to selective plating in 96
well flat bottom plates (Costar) at varying serial dilutions
ranging from 125 cells/well to 2000 cells/well. Culture media
for cell cloning was EX-CELL® 302 complete, containing 50
nM methotrexate. Once clonal outgrowth was sufficient,
serial dilutions of culture supernatants from master wells
were screened for expression of —Ig fusion protein by use of
an -IgG sandwich ELISA. Briefly, NUNC IMMULON™ II
plates were coated overnight at 4° C. with 7.5 microgram/ml
F(ab'2) goat anti-mouse IgG (KPL Labs, Gaithersburg, Md.)
in PBS. Plates were blocked in PBS/3% BSA, and serial
dilutions of culture supernatants incubated at room tempera-
ture for 2-3 hours. Plates were washed three times in PBS/
0.05% Tween 20, and incubated with horseradish peroxidase
conjugated F(ab'2) goat anti-human IgG (SouthernBiotech-
nologies), each at 1:3000 in PBS/1.0% BSA, for 1-2 hours at
room temperature. Plates were washed four times in PBS/
0.05% Tween 20, and binding detected with SUREBLUE
RESERVE™, TMB substrate (KPL Labs, Gaithersburg,
Md.). Reactions were stopped by addition of equal volume of
IN HCl, and plates read at 450 nM. The clones with the
highest production of the fusion protein were expanded into
T25 and then T75 flasks to provide adequate numbers of cells
for freezing and for scaling up production of the fusion pro-
tein. Production levels were further increased in cultures from
the four best clones by progressive amplification in methotr-
exate containing culture media. At each successive passage of
cells, the EX-CELL® 302 complete media contained an
increased concentration of methotrexate, such that only the
cells that amplified the DHFR plasmid could survive. The
production level of the top four unamplified master wells
from the G28-8 scFvlg CHO transfectants ranged from 30-50
micrograms/ml culture.

Supernatants were collected from CHO cells expressing
the G28-8 scFvlg filtered through 0.2 pm PES express filters
(Nalgene, Rochester, N.Y.) and were passed over a Protein
A-agarose (IPA 300 crosslinked agarose) column (Repligen,
Needham, Mass.). The column was washed with column
wash buffer (90 mM Tris-Base, 150 mM NaCl, 0.05% sodium
azide, pH 8.7) and bound protein was eluted using 0.1 M
citrate buffer, pH 3.4. Fractions were collected into 1M bicar-
bonate buffer and protein concentration was determined at
280 nM using a NANODROP™ (Wilmington Del.) micro-
sample spectrophotometer, and blank determination using
0.1 M citrate buffer, pH 3.4 with 100 ul 1M bicarbonate
buffer.

EXAMPLE 2

While current anti-human CD180 antibodies (prior to the
present invention) are mouse IgG1 and bind fairly strongly to
human Fc receptors, generating a mixed signal to bound B
cells, the rat IgG2a anti-mouse CD180 antibody used in
Example 2 has very low affinity for mouse Fc receptors, thus
making it a natural mimetic for the non-FcR binding con-
structs disclosed in the present application.
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Materials and Methods
Mice

WT (C57BL/6), CD40 KO, B cell-deficient (uMT), and T
cell-deficient (TCRB/d KO, TCR KO) mice were from Jack-
son Laboratory (Bar Harbor, Me.) and all other strains were
on this background. MyD88 KO mice were gifts from K.
Elkon (University of Washington, Seattle, Wash.). CD180
KO mice were a gift from C. Karp (Children’s Research
Foundation, Cincinnati, Ohio). All mice were sex and age
matched and used at six to twelve weeks of age, except
memory recall studies that utilized 60-week-old mice. All
injections and immunizations were intraperitoneal with a
fixed volume of 200 ul in PBS. The University of Washington
Institutional Animal Care and Use Committee approved all
animal work.

Cell Preparation and Culture

Spleens were processed by LIBERASE™ (Roche, India-
napolis, Ind.) digestion for DCs or mechanical disruption.
Erythrocytes were depleted by Gey’s lysis for total spleno-
cyte preparations. B cells or DCs were isolated by three
rounds of enrichment (STEM CELL technologies, Vancou-
ver, BC, Canada) and purity exceeded 99% without expres-
sion of activation markers (CD69 or CD86) after 24 hours in
unstimulated cultures.

Total splenocytes or purified cells were cultured in com-
plete medium (RPMI-1640 supplemented with 10% fetal calf
serum [Hyclone, Logan, Utah], 4 mM glutamine, 1 mM Na
pyruvate, 1x Non-Essential Amino Acids, 100 IU/ml penicil-
lin-streptomycin [Invitrogen, Carlsbad, Calif.], and 50 uM
2-mercaptoethanol [Sigma-Aldrich, St. Louis, Mo.]) in the
presence of stimuli at a final cell density of 1x10%/mL for 64
hours at 37° C.

ELISA Measurement of Serum Antibody and In Vitro Cytok-
ine Production

Sera were obtained after injection of mice with mAbs
and/or TLR agonists. Polystyrene plates were coated with
donkey anti-mouse IgG, or goat anti-mouse IgM F(ab'),
(Jackson ImmunoResearch, West Grove, Pa.). After blocking
with 4% nonfat dry milk in PBS-Tween, serial dilutions of
serum were added. Abs were detected with isotype-specific
HRP conjugates (anti-IgG1, anti-IgG2b, and anti-IgG3 from
ICL, Newberg, Oreg.; anti-IgM and anti-IgG2¢ from South-
ern Biotech, Birmingham, Ala.) and absorbance was com-
pared with standard curves generated from mouse mono-
clonal standards (IgG3 from BioLegend, San Diego, Calif’;
IgM from Jackson ImmunoResearch; IgGG2¢ from Southern
Biotech; IgG1 and Ig(G2b standards were purified in our labo-
ratory) for absolute quantitation. No cross-reactions between
standards for the IgG subclasses, IgM, or the injected Rat
IgG2a mAbs were observed. Antigen specific antibody from
4-hydroxy-3-nitro-phenacetyl (NP) conjugated LPS, NP-Fi-
coll, or NP-chicken gamma globulin (Cg(G) was captured
with NP-BSA coated plates (all NP reagents from BioSearch
Technologies, Inc., Novato, Calif.).

IL-6, IL.-10, and TNF-a concentrations in 24-hour super-
natants from cultures of purified cells were measured by
ELISA (DuoSets from R&D Systems, Minneapolis, Minn.)
per the manufacturer’s instructions.

Analysis of Lymphocyte Subsets and Proliferation

Flow cytometry analyses were performed on either a stan-
dard FACS™ SCAN or FACSCanto (Becton Dickinson,
Franklin Lakes, N.J.). Minimums of 30,000 cells of the final
gated population were used for all analyses. Data analysis
was performed with FLOWJO™ (Tree Star, Ashland, Oreg.)
software. Staining was performed for: CD3 and CD24 (Bec-
ton Dickinson clones 145-2c11 and MI/69); CD4, CDS8p,
CD19, CD21, and CD23 (Biolegend clones RM4-5,
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YTS156.7.7,6D5, 7E9, and B3B4), CDS, CD45R/B220, and
CD86 (Clones 53-7.3, RA3-6B2, and GL.1 from eBioscience,
San Diego, Calif.). Mouse anti-rat IgG secondary antibody
was from Jackson ImmunoResearch.

CFSE (Invitrogen) labeling of cells was performed with a
final concentration of 0.8 uM CFSE and 1.6x107 cells/ml in
37¢ C. PBS for four minutes. Proliferation Index was calcu-
lated by dividing the MFT for gated live singlet unstimulated
B cells by the MF1 of equivalently gated cells from the stimu-
lated sample. This measurement simultaneously captures
both percent proliferating cells and the average number of
divisions per cell. A Proliferation Index of 1 indicates equiva-
lence to unstimulated culture.

Synergy Determinations and Calculation of the Combination
Index

The Combination Index (CI), a quantitative definition of
synergy or antagonism, was calculated by the method of
Chou and Talalay*' through the use of CalcuSyn software
(Biosoft, Cambridge, United Kingdom). As the CI method is
based on the median effect principle of the mass action law, it
is mechanism-independent.

Other Antibodies and Reagents

The anti-CD180 (RP/14) hybridoma was a gift from K.
Miyake (University of Tokyo, Tokyo, Japan) and the rat
Ig(G2a isotype control (9D6) hybridoma was a gift from R.
Mittler (Emory University, Atlanta, Ga.). To ensure equiva-
lence these mAb were sequentially purified on the same pro-
tein G column and routinely bioassayed both alone and in
combination with polymyxin B sulfate. LPS (1.2143) was
from Sigma-Aldrich. Synthetic TLR agonists Pam,CSK,,
Pam,CSK,, CL.097, and CpG ODN1826 were from Invivo-
Gen (San Diego, Calif).

Statistical Analyses

Raw data of experimental groups were analyzed either by
one-way ANOVA followed by Bonferroni’s Multiple Com-
parison Test (GraphPadPrism software, version 4.0a for
Macintosh, San Diego, Calif.) or by two-tailed, type two
Student’s t-test. Columnar data are represented as
meansstandard error (SEM). A value of p<0.05 was consid-
ered to be statistically significant and assigned *, while
p<0.01 and p<0.001 were assigned ** and ***, respectively.
Results
Anti-CD180 Injection Induces Polyclonal Ig Production of
Multiple Isotypes

Because CD180 KO mice have low serum concentrations
ofIgG3'*!, we examined Ig concentrations of WT mice at 3, 7,
10, and 14 days after injection with either anti-CD180 or
isotype-matched control mAb (the anti-CD180 antibody is an
agonistic rat Ig(G2a that was not expected to deplete target
cells or bind significantly to FcyRIIb). At no point did the
anti-CD180-injected mice show any evidence of distress,
unlike TLLR4 agonists which rapidly induce septic shock.

Anti-CD180 alone increased serum Ig concentration of
nearly every isotype and subclass by day 3, with consistently
rapid and dramatic increases for IgG1, 1gG2c¢, and IgG3 (12,
9.5, and 56-fold increase at day 10, respectively), while
changes in serum concentration of IgM were modest and
1gG2b varied with an average of 1.5-fold reductions (FIG. 9A
and data not shown). Semi-quantitative immunoblots for IgA
and IgE from day 10 bleeds indicate that IgA concentrations
were equivalent in control and anti-CD180 treated mice,
while IgE concentrations increased roughly 10-fold (data not
shown).

We examined whether rapid production of IgM and 1gG1
after CD180 stimulation was due to reactivation of memory B
cells. WT mice were immunized with NP-CgG in alum and
rested for 50 weeks before injection of recall stimuli. While
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recall Ag administration without adjuvant produced robust
NP-specific IgG1, neither anti-CD180 nor inflammatory
stimuli (LPS plus anti-CD40) induced significant recall com-
pared to unconjugated CgG (FIG. 9B). Addition of anti-
CD180 stimulation with Ag did not significantly impact recall
IgG1 responses.

Anti-CD180-induced Ig production required neither T
cells, CDA40 signal support, nor TLR signaling as the increase
in IgG concentrations still occurred after injection of TCR
KO, CD40 KO, and MyD88 KO mice (FIG. 9C). IgM pro-
duction was largely bypassed and IgG production was strik-
ingly delayed in TCR KO mice, indicating a supportive role
for T cells despite dispensability for the overall anti-CD180-
induced Ig effect (FIG. 10).

To assess whether anti-CD180-induced Ig is polyclonal or
an exuberant Ag-specific response, we examined both the
effect of co-administration of anti-CD180 with model T cell-
independent (T1) antigens as well as Ig produced against the
rat [gG2a anti-CD180 mAb itself (FIG. 11). Ag-specific anti-
body was reduced or unchanged for all isotypes with both T
cell-independent type 1 (TI-1, intrinsic B cell activating Ag,
NP-LPS) and type 2 (T1-2, polyvalent Ag, NP-Ficoll). Anti-
rat Ig was generated against the anti-CD180 mAb but is not
more than 15% of the total IgM produced and has substan-
tially different kinetics, with Ag-specific IgM requiring 7
days to peak while total IgM is near maximal by day 3.
Class-switched anti-rat Ig was predominately IgG2c¢ and was
not produced against control mAb. T cell-deficient mice also
produced IgM specific for anti-CD180, but not class-
switched Ig of any subclass. Auto-reactive antibody, as deter-
mined by antinuclear antibody immunoflourescence, did not
increase after anti-CD180 injection (data not shown).
Anti-CD180 Injection Expands Splenic B Cells

Three days after injection the spleens of anti-CD180-
treated mice were enlarged nearly 3-fold compared to control
mice (data not shown). Absolute splenic mononuclear cell
numbers increased approximately 2.5-fold from controls
(FIG. 12A, B). B cells (CD19") contributed the majority of
the change by expanding 7, 9, and 2.5-fold in transitional 1
(T1), transitional 2 (T2), and follicular (FO) subsets respec-
tively, while the marginal zone (MZ) B cell subset did not
change significantly (FIG. 12A). This selective expansion is
not predicted by CD180 expression as A) T1 and T2 B cells
show equivalent expression with the FO subset but much
more accumulation post injection, and B) both CD5" B cells
and a subset of MZ B cells (42%) express CD180 but neither
expanded following injection (FIG. 12A, C, and data not
shown). Furthermore, T cell numbers also expanded signifi-
cantly (FIG. 12A), despite their lack of CD180 expression,
indicating an indirect effect of anti-CD180 on T cell functions
in vivo.

This lymphoid cell expansion after anti-CD180 injection
was transient, as cell numbers were lower at day 7 and essen-
tially normal by day 14. The single exception was CD8* T
cells, which remained expanded through day 14. The kinetics
of cell expansion paralleled binding of the anti-CD180 anti-
body, as determined by anti-rat IgG staining ex vivo, which
demonstrated maximum binding at day 3, minimal binding at
day 7, and undetectable binding on day 14 (data not shown).
Expansion of B cells was still evident in TCR KO mice (FIG.
12B) and showed equivalent kinetics (data not shown), indi-
cating that T cells are not required for either expansion or
contraction B cell populations in vivo following anti-CD180
injection. However, T cell expansion requires B cells, since T
cells did not expand in B cell-deficient mice after anti-CD180
treatment (FIG. 12B).
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Combinations of TLR and CD180 Signals Reduce B Cell
Differentiation and Enhance Proliferation

Due to the known interaction between CD180 and TLR4,
we compared Ig production induced by anti-CD180 alone to
co-injection with various TLR ligands. Combinations of anti-
CD180 and LPS did not augment but instead resulted in
decreased or unchanged Ig production (FIG. 13A) resulting in
serum concentrations intermediate to anti-CD180 or LPS
alone. This effect was also observed with Pam;CSK,, (TLR2:
1) and CpG (TLRY), indicating a general effect of TLR sig-
nals rather than a specific interaction between CD180 and
TLR4.

We also injected anti-CD180 in combination with TLR
ligands (LPS or CpG) to determine whether these combina-
tions changed how splenic lymphocytes expanded. Com-
pared with anti-CD180 injection alone, mice injected with
anti-CD180/TLR agonist combinations showed roughly
equivalent B cell expansion (3.5 fold) but had reduced expan-
sion of T cells (FIG. 13B). Despite a lack of MZ B cell
expansion with anti-CD180 alone, combinations of CD180
and TLR signals increased splenic MZ B cell populations. As
splenic lymphocyte analysis conflates proliferation, apopto-
sis, selection alteration, and tissue homing for a qualitative
result we are unable to quantitatively assess the effect of
CD180/TLR combination stimulation on B cell proliferation
in isolation—leading us to examine the effects of CD180/
TLR stimulant combinations in defined in vitro experiments.

As CD180 KO B cells have diminished proliferative
responses to LPS??, we examined possible reciprocal depen-
dence of CD180 signals on TLR2 and TLR4. In WT spleno-
cyte cultures the combination of CD180 and TL.R4 stimula-
tion augmented B cell proliferation compared to either
stimulus alone, increasing both the percentage of B cells
proliferating and the average number of cycles (FIG. 13C).
Deficiency of TLR2 and TL.R4 had no effect upon prolifera-
tion of B cells in response to anti-CD180, and as expected
there was no LPS response. Similar results were obtained for
MyD88 KO B cells (datanot shown). Thus, CD180 and TLR4
provide distinct, non-redundant, and mutually reinforcing
signals for B cell proliferation.

To identify the intersection of CD180 and TL.R4 signaling
pathways we assayed B cell proliferation with graded doses
of LPS, with or without a fixed dose of anti-CD180, in sple-
nocytes from WT, TRIF KO, and MyD88 KO mice (FIG.
13D). Despite the minimal proliferation to LPS alone, the
augmentation of anti-CD180 on LPS-induced proliferation
was still present in B cells from TRIF KO mice but not from
MyD88 KO mice. While MyD88 is not required for CD180
signals to induce B cell proliferation, it is required to mediate
the CD180 augmentation of TL.LR4 signals.

Anti-CD180 Synergizes with Multiple MyD88-Dependent
TLR Ligands for B Cell Proliferation

Since Ig production decreased after various TLR ligands
were co-injected with anti-CD180, we examined the effects
of TLR ligands on anti-CD180 induced proliferation in a
quantitative in vitro system designed to determine the nature
and magnitude of signal interactions. B cells were isolated
and both anti-CD180 and TLR agonists were titrated, first
separately and then together at a constant ratio, to measure
interaction effects between the stimuli. In addition to TLR4
(LPS), the interactions of CD180 with TLR2:1 (Pam;CSK,),
TLR2:6 (Pam,CSK,), TLR7 (CL097), TLR9 (CpG
ODN1826), and BCR (anti-IgM F(ab'),) were also analyzed
(FIG. 14A). The proliferation of B cells to combinations of
anti-CD180 mAb and TLR agonists was augmented for all
combinations; however, the augmentation was most pro-
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nounced with TLR2 ligands. In contrast, antagonism was
observed with BCR stimulation.

To extract quantitative information from the titration series
of'anti-CD180 and TLR (or BCR) interaction, the three sepa-
rate titration curves were transformed into a single curve
(FIG. 14B) by the Combination Index (CI) analysis
method®!. The resulting graph displays signal interaction
over the entire titration range, with CI=1 indicating no inter-
action (mere additive effect), CI<l indicating synergy
(greater than additive effect), and CI values>1 indicating
antagonism. Despite the previously reported selective rela-
tionship between CD180 and TL.R4, we demonstrate synergy
(CI<1) for all MyD88-dependent TLR agonist combinations
with anti-CD180. Surprisingly, at very low Fractional Effects
(relative doses) all combinations other than LPS revealed
antagonism. While CD180 is described as a specific regulator
of TLR4, our analyses show significantly greater synergy
with ligands of TLR2 or TLR7. As these experiments used
isolated B cells (>99% pure) the observed interactions are
likely intrinsic to B cells, rather than indirect contributions
from signaling in rare non-B cells.

Anti-CD180 Augments Cytokine Production by TLRs in Iso-
lated B Cells

We next examined cytokine production from isolated B
cells treated with anti-CD180 alone or in combinations with
LPS or CpG (FIG. 15A). No production of 1L.-6, IL.-10, or
TNF-a was observed with anti-CD180 alone; however there
was clear augmentation of cytokine production in combina-
tion with TLR ligands. Concentrations of IL.-6 and IL-10
were substantially augmented even at LPS concentrations
that alone resulted in no effect. Similar augmentation of
cytokine production was seen in combinations with CpG and
included strongly increased production of TNF-a.. Isolated
DCs similarly did not produce cytokines after CD180 stimu-
lation alone (FIG. 15B). Rather than the enhancement with
CD180/TLR combinations observed in isolated B cells, DCs
tended to have reduced cytokine production.

Discussion

Collectively, our data indicate that CD180 signals induce
an extensive and rapid burst of polyclonal proliferation and
activation in naive B cells, and proceeding to IgG production
within three days. CD180 has been implicated in induction of
1gG3 antibodies since constitutive serum concentrations of
1gG3 in CD180 KO mice are approximately one-tenth that of
WT mice®?. Our results broaden this interpretation as anti-
CD180 mAb injection caused very rapid and large increases
in serum Ig concentration, with IgM, IgG1, IgG2¢, and IgG3
concentrations each reaching or exceeding 1 mg/ml within 10
days ofinjection. IgG3 concentrations had the largest change
with a >50-fold increase over basal concentrations. While
robust, this response was transient as concentrations of all
isotypes had peaked and begun to decline by day 14.

Injection of anti-IgD similarly induces polyclonal B cell
activation and production of high serum IgG1l concentra-
tions**> 2*, and is the closest known parallel for the effects of
anti-CD180 in vivo. However, there are notable differences
between the effects of anti-CD180 and anti-IgD. Anti-IgD
induced polyclonal Ig was restricted to IgG1 and IgE iso-
types, and required T cell help and IL-4*>: 25, In contrast,
anti-CD180 injection increased serum concentration of all
isotypes and subclasses except for IgG2b and IgA, the two
prototypic TGF-f induced Ig classes®’—an effect that
required neither T cells nor MyD88-dependent signaling. As
B cell class-switch recombination is thought to require either
T cell help or MyD88-dependent TLR/TACI signals®®, anti-
CD180-induced Ig production may involve an unrecognized
pathway for class-switch induction. Notably, anti-CD180
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treatment is remarkable among known polyclonal activators
by virtue of its profound and rapid induction of diverse Ig
classes and subclasses. Additionally, while Ig production by
anti-IgD required higher order clustering produced by either
multiple mAbs or polyclonal sera®* 2%, a single anti-CD180
mAb induces extensive Ig production, which suggests that
only ligation or dimerization is required. While our data do
not support the idea of CD180 signaling via IgD, we cannot
rule out the involvement of BCR components®®. Despite the
significant differences between CD180 and IgD as mediators
of polyclonal activation, they still may be classified together
in that both induce potent effects but have no confirmed
function despite their discovery over 20 years ago.

The anti-CD180-induced Ig is polyclonal and not merely
the result of an unexamined Ag-specific response. As rapid
production of Ag-specific Ig can occur with either TI-1 or
TI-2 antigens, and cellular debris may stimulate B cells for
these responses, we examined the effect of anti-CD180 on
NP-conjugated model antigens. It is unlikely that cellular
debris is stimulating Ig production as Ag-specific antibody
was reduced for both responses. Also, antinuclear antibody
did not increase with anti-CD180 treatment (data not shown).
While Ag-specific responses to independent but co-adminis-
tered Ag decreased, Ig specific for the anti-CD180 mAb itself
was increased, though not to more than 15% of the total IgM
produced. As the bulk of the [gM and essentially all of the IgG
produced by anti-CD180 treatment is neither memory nor
specific for concomitantly present antigens, it is therefore
likely to be polyclonal.

Injection of anti-CD180 mAb resulted in a rapid increase in
splenic cellularity; three days after injection T1, T2, and FO B
cell subsets expanded 7-, 9-, and 2.5-fold, respectively,
whereas neither MZ nor CD5* B cells expanded. While these
lymphocyte expansions conflate survival and tissue homing
effects with proliferation, the magnitude is difficult to explain
on the basis of enhanced survival or redistribution alone and
most likely involve a component of proliferation. While T
cells do not express CD180 or proliferate after anti-CD180
stimulation in vitro, their numbers are significantly increased
in the spleen following anti-CD180 injection, suggesting
expansion and/or recruitment of T cells to the spleen driven
by other, directly activated, cells. Regardless of the mecha-
nism, the expansion of T cells in the spleen is abrogated in B
cell-deficient UM T mice, indicating that activated B cells and
not other CD180™ cells (DC, macrophage) are required for the
effect. Increases to both B and T cell numbers were transient,
approaching normal numbers by day seven after injection;
only CD8* T cell numbers remained increased through day
14. The function of these persistent CD8"* T cells is unknown,
as anti-CD180-induced expansion and contraction of B cells
were equivalent in WT and T cell-deficient mice. It is possible
that the prevalence of activated B cells is mediating memory
T cell reactivation without the presence of cognate antigen.

The combined injection of anti-CD180 with LPS, both
inducers of polyclonal Ig, did not further increase Ig in serum,
but instead resulted in a reduction of Ig levels to concentra-
tions intermediate to those seen with either stimulus alone. A
similar effect was seen with co-injection of anti-CD180 with
either TLR9 or TLR2:1 ligands (CpG or Pam;CSK,). The
suppression of anti-CD180 induced Ig by different TLR
ligands suggests either a restraining effect of non-B cells or an
intrinsic negative regulation by TLR signals of CD180 stimu-
lated B cell differentiation upon the integration of TLR sig-
nals. Our data support a model where combinations of CD180
and TLR signals drive greater B cell proliferation at the
expense of differentiation and Ig production.
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Our data regarding B cell proliferation to anti-CD180 and
LPS are not consistent with models suggesting CD180 func-
tions by forming heterodimers only with TLR4 and regulating
the canonical LPS signal®. Unlike LPS, the B cell prolifera-
tive response to anti-CD180 does not require MyD88, TRIF,
or TLR4, and also TLLR2 is not required. However, CD180
and TLR signals appear to be integrated through MyDS88
because the combination of anti-CD180 and LPS signals
augments B cell proliferation in TRIF-deficient but not
MyD88-deficient B cells. Taken together, these results indi-
cate that CD180 signals augment, but are independent from,
those of TLR4. Given these findings, we hypothesized that
other MyD88-dependent TLRs (e.g. TLR9, TLR7, TLR2:6,
and TLR2:1) would also enhance B cell proliferation in
response to CD180 ligation. Indeed, strong augmentation was
evident with anti-CD180 and all TLR ligands tested. This
effect may not have been detected in previous studies, which
used only single concentrations of ligand combinations; satu-
ration concentrations may have resulted in an insignificant
augmentation unlike sub-maximal doses. As TLR7 and TLR9
are largely endosomal®®, and not at the cell surface where
CD180 is found, our data are not consistent with a model of
CD180 function involving direct interactions with TLRs to
augment B cell proliferation.

Our analysis allowed the use of the mathematical transfor-
mation described by Chou and Talalay> to quantify synergy
over broad dose ranges. Synergy is highest between anti-
CD180 and the TLR2 ligands, followed by TLR7, then by
TLRY, with the least synergy between CD180 and TLR4. The
analysis also revealed previously unreported antagonism
between anti-CD180 and all MyD88-dependent TLR ligands,
excluding LPS, at very low doses. Neither of these patterns is
predicted by existing models of CD180 as a selectively form-
ing heterodimers with TLR4, regardless of whether the inter-
action is stimulatory or inhibitory. Regardless of whether
CD180 acts as a specific TL.R4 “decoy” receptor in B cells, as
proposed for DCs?, or a required co-receptor for a single B
cell LPS pathway?2, the effect should impact both the MyDS88
and TRIF signaling pathways for LPS and no effect would be
expected for other TLRs. Thus, our findings showing that
CD180 synergizes with multiple TLR ligands in a MyD88-
dependent TRIF-independent manner to enhance prolifera-
tion at nearly all dose levels suggest an alternative model
where independent CD180 and TLR signals converge in B
cells at the level of MyDS8S.

While anti-CD180 stimulation of purified B cells induced
proliferation, it did not induce cytokine production. However,
in combination with LPS, anti-CD180 stimulation increased
production of IL-10 and IL-6, but not TNF-c, while anti-
CD180 plus CpG increased production of all of these cytok-
ines. The I.-10 concentrations were high (>1,000 pg/ml),
suggesting that CD180 signals could be involved in develop-
ment of anti-inflammatory IL-10 secreting B cells®'. Due to
the complex eftects of IL-10, which can both suppress inflam-
mation and activate B cells>* 3, it is possible that combined
CD180/TLR signaling may minimize TLR-induced inflam-
mation while promoting select B cell functions. As with B
cells, DCs failed to produce cytokines with anti-CD180
stimulation alone, however unlike B cells they did not aug-
ment TLR-induced cytokine production. A combination of
evidence regarding anti-CD180 treatment—the lack of DC
responsiveness, the requirement of B cells for splenic expan-
sion, the production of high serum concentrations of Ig in
both WT and T cell-deficient mice, and the proliferation of
purified B cells in vitro—together suggest that CD180 stimu-
lation is primarily mediated by, and intrinsic to, B cells.
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Our study of CD180 is unique in that use of an agonistic
antibody allows us to perform quantitative interaction assays
over broad dose ranges and characterize acute responses as
opposed to genetic deletion that results in data that is singular
in both dose and kinetics. Taken together, our results suggest
that CD180 stimulation plays an important role in B cell
proliferation, activation, and differentiation, and that these
effects are significantly modulated by integration of MyD88-
dependent TLR signals. While it remains to be determined
whether the rapidly induced class-switched Ig also involves
somatic hypermutation, it appears to be polyclonal. Finally,
because anti-CD180 treatment induces immunomodulatory
effects (augmenting anti-inflammatory IL.-10, blunting Ag-
specific responses, and producing polyclonal Ig which may
clear apoptotic debris like natural antibody) it has therapeutic
potential in systemic autoimmune diseases.

Specific elements of any of the foregoing embodiments can
be combined or substituted for elements in other embodi-
ments. Furthermore, while advantages associated with cer-
tain embodiments of the disclosure have been described in the
context of these embodiments, other embodiments may also
exhibit such advantages, and not all embodiments need nec-
essarily exhibit such advantages to fall within the scope of the
disclosure.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 10

<210> SEQ ID NO 1

<211> LENGTH: 1521

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: G28-8 scFv-mthIgGl -- Full-length construct
<400> SEQUENCE: 1

atggaaaccc cagcgcaget tctettecte ctgetactet ggcteccaga taccaccggt 60
gacatccaga tgactcagtc tccagectec ctatctgeat ctgtgggaga aactgtcace 120
atcacatgtc gagcaagtga gaagatttac agttatttag catggtatca gcagaaacag 180
ggaaaatctce ctcagctcct ggtctataac gcaaaaacct tagcagaagyg tgtgccatca 240
aggttcagtg tcagtggatc aggcacacag ttttctctga ggatcaacag cctgcagect 300
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-continued
gaagattttyg ggacttatta ctgtcaacat cattttggtt ctecteggac gtteggtgga 360
ggcaccaaac tggaaatcaa agatctcgga ggaggtggcet caggtggtgg aggatctgga 420
ggaggtggga gtggtggagg tggttctacce ggtgaggtcce agctgcaaca gtctggacct 480
gaactggtga agcctggage ttcaatgaag atatcctgca aggcttetgg ttactcatte 540
actggctaca ccatgaactg ggtgaagcag agccatggaa agacccttga atggattgga 600
cttattaatc cttacaatgg tgttactage tacaaccaga agttcaagga caaggccaca 660
ttaactgtag acaagtcatc cagcacagcc tacatggaac tcctcagtcet gacatctgag 720
gactctgcaa tctattactg tgcaagagac tataattacg actactttga ctactggggce 780
caaggcacca ctctcacagt ctcctcagat ctecgagccca aatcttctga caaaactcac 840
acatgtccac cgtgtccage acctgaactce ctgggtggat cgtcagtett cctettecce 900
ccaaaaccca aggacactct catgatctee cggaccectyg aggtcacgtyg cgtggtggtyg 960
gacgtgagece aggaagacce cgaggtccag ttcaactggt acgtggacgg catggaggtg 1020
cataatgcca agacaaagcc acgggaggag cagttcaaca gcacgttecg tgtggtcage 1080
gtcectcacceg tegtgcacca ggactggetg aacggcaagg agtacaagtg caaggtctcece 1140
aacaaagcce tcccagectce catcgagaaa acaatctcca aaaccaaagyg gcagcecccga 1200
gaaccacagyg tgtacaccct gccecccatcee cgggaggaga tgaccaagaa ccaggtcage 1260
ctgacctgcce tggtcaaagg cttctatcce agcgacatcg ccgtggagtg ggagagcaat 1320
gggcagccegyg agaacaacta caacaccacg cctecegtge tggactcecga cggetcectte 1380
tcectetaca gcaagctcac cgtggacaag agcaggtggce agcaggggaa cgtcttcetca 1440
tgctcegtga tgcatgaggce tcectgcacaac cactacacgce agaagagcct ctcetcetgtcet 1500
ccgggtaaat gataatctag a 1521

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 2
H: 483
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: G28-8 scFv-mthIgGl

<400> SEQUENCE: 2

Asp Ile Gln
1

Glu Thr Val

Leu Ala Trp

Tyr Asn Ala
50

Ser Gly Ser
65

Glu Asp Phe

Thr Phe Gly

Gly Ser Gly
115

Ser Thr Gly
130

Met Thr Gln Ser Pro

5

Thr Ile Thr Cys Arg

20

Tyr Gln Gln Lys Gln

40

Lys Thr Leu Ala Glu

55

Gly Thr Gln Phe Ser

70

Gly Thr Tyr Tyr Cys

85

Gly Gly Thr Lys Leu

100

Gly Gly Gly Ser Gly

120

Glu Val Gln Leu Gln

135

Ala

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Gly

Gln

Ser

10

Ser

Lys

Val

Arg

His

90

Ile

Gly

Ser

Leu

Glu

Ser

Pro

Ile

75

His

Lys

Gly

Gly

-- Predicted mature protein

Ser Ala Ser
Lys Ile Tyr
30

Pro Gln Leu
45

Ser Arg Phe
60

Asn Ser Leu

Phe Gly Ser

Asp Leu Gly
110

Ser Gly Gly
125

Pro Glu Leu
140

Val Gly
15

Ser Tyr

Leu Val

Ser Val

Gln Pro
80

Pro Arg
95
Gly Gly

Gly Gly

Val Lys
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-continued

36

Pro

145

Thr

Glu

Gln

Thr

Tyr

225

Gln

Asp

Gly

Ile

Glu

305

Arg

Lys

Glu

Tyr

385

Leu

Trp

Asp

His
465

Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Gly

Gly

Trp

Lys

Ala

210

Tyr

Gly

Lys

Ser

Ser

290

Asp

Asn

Val

Glu

Lys

370

Thr

Thr

Glu

Leu

Lys

450

Glu

Gly

Ala

Tyr

Ile

Phe

195

Tyr

Cys

Thr

Thr

Ser

275

Arg

Pro

Ala

Val

Tyr

355

Thr

Leu

Cys

Ser

Asp

435

Ser

Ala

Lys

Ser

Thr

Gly

180

Lys

Met

Ala

Thr

His

260

Val

Thr

Glu

Lys

Ser

340

Lys

Ile

Pro

Leu

Asn

420

Ser

Arg

Leu

PRT

Met

Met

165

Leu

Asp

Glu

Arg

Leu

245

Thr

Phe

Pro

Val

Thr

325

Val

Cys

Ser

Pro

Val

405

Gly

Asp

Trp

His

SEQ ID NO 3
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: G28-8 scFv-mthIgGl -- Predicted full-length

503

Lys

150

Asn

Ile

Lys

Leu

Asp

230

Thr

Cys

Leu

Glu

Gln

310

Lys

Leu

Lys

Lys

Ser

390

Lys

Gln

Gly

Gln

Asn
470

Ile

Trp

Asn

Ala

Leu

215

Tyr

Val

Pro

Phe

Val

295

Phe

Pro

Thr

Val

Thr

375

Arg

Gly

Pro

Ser

Gln

455

His

Ser

Val

Pro

Thr

200

Ser

Asn

Ser

Pro

Pro

280

Thr

Asn

Arg

Val

Ser

360

Lys

Glu

Phe

Glu

Phe

440

Gly

Tyr

Cys

Lys

Tyr

185

Leu

Leu

Tyr

Ser

Cys

265

Pro

Cys

Trp

Glu

Val

345

Asn

Gly

Glu

Tyr

Asn

425

Ser

Asn

Thr

protein with signal peptide

SEQUENCE :

3

Lys

Gln

170

Asn

Thr

Thr

Asp

Asp

250

Pro

Lys

Val

Tyr

Glu

330

His

Lys

Gln

Met

Pro

410

Asn

Leu

Val

Gln

Ala

155

Ser

Gly

Val

Ser

Tyr

235

Leu

Ala

Pro

Val

Val

315

Gln

Gln

Ala

Pro

Thr

395

Ser

Tyr

Tyr

Phe

Lys
475

Ser

His

Val

Asp

Glu

220

Phe

Glu

Pro

Lys

Val

300

Asp

Phe

Asp

Leu

Arg

380

Lys

Asp

Asn

Ser

Ser

460

Ser

Gly

Gly

Thr

Lys

205

Asp

Asp

Pro

Glu

Asp

285

Asp

Gly

Asn

Trp

Pro

365

Glu

Asn

Ile

Thr

Lys

445

Cys

Leu

Tyr

Lys

Ser

190

Ser

Ser

Tyr

Lys

Leu

270

Thr

Val

Met

Ser

Leu

350

Ala

Pro

Gln

Ala

Thr

430

Leu

Ser

Ser

Ser

Thr

175

Tyr

Ser

Ala

Trp

Ser

255

Leu

Leu

Ser

Glu

Thr

335

Asn

Ser

Gln

Val

Val

415

Pro

Thr

Val

Leu

Phe

160

Leu

Asn

Ser

Ile

Gly

240

Ser

Gly

Met

Gln

Val

320

Phe

Gly

Ile

Val

Ser

400

Glu

Pro

Val

Met

Ser
480

Met Glu Thr Pro Ala Gln Leu Leu Phe Leu Leu Leu Leu Trp Leu Pro

1

5

10

15
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-continued

38

Asp

Ala

Ile

Gln

65

Arg

Ser

Gly

Leu

Gly

145

Glu

Gly

Gly

Thr

Lys

225

Asp

Asp

Pro

Glu

Asp

305

Asp

Gly

Asn

Trp

Pro
385

Glu

Asn

Thr

Ser

Tyr

50

Leu

Phe

Leu

Ser

Gly

130

Gly

Leu

Tyr

Lys

Ser

210

Ser

Ser

Tyr

Lys

Leu

290

Thr

Val

Met

Ser

Leu
370
Ala

Pro

Gln

Thr

Val

35

Ser

Leu

Ser

Gln

Pro

115

Gly

Gly

Val

Ser

Thr

195

Tyr

Ser

Ala

Trp

Ser

275

Leu

Leu

Ser

Glu

Thr

355

Asn

Ser

Gln

Val

Gly

Gly

Tyr

Val

Val

Pro

100

Arg

Gly

Gly

Lys

Phe

180

Leu

Asn

Ser

Ile

Gly

260

Ser

Gly

Met

Gln

Val

340

Phe

Gly

Ile

Val

Ser
420

Asp

Glu

Leu

Tyr

Ser

Glu

Thr

Gly

Ser

Pro

165

Thr

Glu

Gln

Thr

Tyr

245

Gln

Asp

Gly

Ile

Glu

325

His

Arg

Lys

Glu

Tyr
405

Leu

Ile

Thr

Ala

Asn

70

Gly

Asp

Phe

Ser

Thr

150

Gly

Gly

Trp

Lys

Ala

230

Tyr

Gly

Lys

Ser

Ser

310

Asp

Asn

Val

Glu

Lys
390

Thr

Thr

Gln

Val

Trp

55

Ala

Ser

Phe

Gly

Gly

135

Gly

Ala

Tyr

Ile

Phe

215

Tyr

Cys

Thr

Thr

Ser

295

Arg

Pro

Ala

Val

Tyr

375

Thr

Leu

Cys

Met

Thr

40

Tyr

Lys

Gly

Gly

Gly

120

Gly

Glu

Ser

Thr

Gly

200

Lys

Met

Ala

Thr

His

280

Val

Thr

Glu

Lys

Ser

360

Lys

Ile

Pro

Leu

Thr

25

Ile

Gln

Thr

Thr

Thr

105

Gly

Gly

Val

Met

Met

185

Leu

Asp

Glu

Arg

Leu

265

Thr

Phe

Pro

Val

Thr

345

Val

Cys

Ser

Pro

Val
425

Gln

Thr

Gln

Leu

Gln

90

Tyr

Thr

Gly

Gln

Lys

170

Asn

Ile

Lys

Leu

Asp

250

Thr

Cys

Leu

Glu

Gln

330

Lys

Leu

Lys

Lys

Ser
410

Lys

Ser

Cys

Lys

Ala

75

Phe

Tyr

Lys

Ser

Leu

155

Ile

Trp

Asn

Ala

Leu

235

Tyr

Val

Pro

Phe

Val

315

Phe

Pro

Thr

Val

Thr
395

Arg

Gly

Pro

Arg

Gln

60

Glu

Ser

Cys

Leu

Gly

140

Gln

Ser

Val

Pro

Thr

220

Ser

Asn

Ser

Pro

Pro

300

Thr

Asn

Arg

Val

Ser
380
Lys

Glu

Phe

Ala

Ala

45

Gly

Gly

Leu

Gln

Glu

125

Gly

Gln

Cys

Lys

Tyr

205

Leu

Leu

Tyr

Ser

Cys

285

Pro

Cys

Trp

Glu

Val

365

Asn

Gly

Glu

Tyr

Ser

30

Ser

Lys

Val

Arg

His

110

Ile

Gly

Ser

Lys

Gln

190

Asn

Thr

Thr

Asp

Asp

270

Pro

Lys

Val

Tyr

Glu

350

His

Lys

Gln

Met

Pro
430

Leu

Glu

Ser

Pro

Ile

His

Lys

Gly

Gly

Ala

175

Ser

Gly

Val

Ser

Tyr

255

Leu

Ala

Pro

Val

Val

335

Gln

Gln

Ala

Pro

Thr

415

Ser

Ser

Lys

Pro

Ser

80

Asn

Phe

Asp

Ser

Pro

160

Ser

His

Val

Asp

Glu

240

Phe

Glu

Pro

Lys

Val

320

Asp

Phe

Asp

Leu

Arg
400

Lys

Asp
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ued

40

Ile Ala Val
435

Thr Thr Pro
450

Lys Leu Thr
465

Cys Ser Val

Leu Ser Leu

<210> SEQ I
<211> LENGT.
<212> TYPE:

Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn

440

445

Pro Val Leu Asp Ser Asp Gly Ser Phe Ser Leu

455

460

Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val
470

475

Met His Glu Ala Leu His Asn His Tyr Thr Gln

485

Ser Pro Gly Lys

500

D NO 4
H: 736
DNA

490

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Tyr Asn

Tyr Ser

Phe Ser
480

Lys Ser
495

<223> OTHER INFORMATION: Nucleotide sequence of SCC-Hinge-WT IgGl

casse

tte

<400> SEQUENCE: 4

agatctcgag
actcctgggy
cteceeggace
caagttcaac
ggagcagtac
getgaatgge
gaaaaccatc
atccecgggat
tceccagegac
cacgeetece
caagagcagg
caaccactac

gectaaggge

<210> SEQ I
<211> LENGT.
<212> TYPE:

cccaaatctt

ggaccgtcag

cctgaggtcea

tggtacgtgg

aacagcacgt

aaggagtaca

tccaaageca

gagctgacca

atcgcegtygyg

gtgctggact

tggcagcagg

acgcagaaga

gaattc

D NO 5

H: 234
PRT

ctgacaaaac

tcttectett

catgcgtggt

acggcgtgga

accgtgtggt

agtgcaaggt

aagggcagcc

agaaccaggt

agtgggagag

ccgacggete

ggaacgtett

gectetetet

tcacacatgt

ccccccaaaa

ggtggacgtg

ggtgcataat

cagcgtecte

ctccaacaaa

ccgagaacca

cagcctgace

caatgggcag

cttecttecte

ctcatgetee

gtcteegggt

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Predicted human IgGl Fc¢ amino acid sequence

without insertions/markers

<400> SEQUE:

NCE: 5

Asp Leu Glu Pro Lys Ser Ser Asp

1

Pro Ala Pro

Lys Pro Lys
35

Val Val Val
50

Tyr Val Asp
65

Glu Gln Tyr

5

Glu Leu Leu Gly Gly

20

Asp Thr Leu Met Ile

40

Asp Val Ser His Glu

55

Gly Val Glu Val His

70

Asn Ser Thr Tyr Arg

Lys Thr His
10

Pro Ser Val
25

Ser Arg Thr

Asp Pro Glu

Asn Ala Lys

75

Val Val Ser

ccaccgtgee
cccaaggaca
agccacgaag
gccaagacaa
accgtectge
geccteccag
caggtgtaca
tgcctggtea
ccggagaaca
tacagcaagce
gtgatgcatg

aaatgataat

Thr Cys Pro

Phe Leu Phe
30

Pro Glu Val
45

Val Lys Phe
60

Thr Lys Pro

Val Leu Thr

cagcacctga
ccctecatgat
accctgaggt
agccgeggga
accaggactyg
cccecatega
cecectgeceee
aaggcttcta
actacaagac
tcaccgtgga
aggctcetgea

ctagaaacag

Pro Cys
15

Pro Pro

Thr Cys

Asn Trp

Arg Glu

80

Val Leu

60

120

180

240

300

360

420

480

540

600

660

720

736
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-continued

42

Lys

Gln

Leu

145

Pro

Asn

Leu

Gln
225

85

Gln Asp Trp Leu Asn Gly Lys Glu
100 105

Ala Leu Pro Ala Pro Ile Glu Lys

115 120

Pro Arg Glu Pro Gln Val Tyr Thr
130 135

Thr Lys Asn Gln Val Ser Leu Thr
150

Ser Asp Ile Ala Val Glu Trp Glu
165

Tyr Lys Thr Thr Pro Pro Val Leu
180 185

Tyr Ser Lys Leu Thr Val Asp Lys
195 200

Phe Ser Cys Ser Val Met His Glu
210 215

Lys Ser Leu Ser Leu Ser Pro Gly
230

<210> SEQ ID NO 6

<211> LENGTH: 234

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human IgGl

CH2-CH3

<400> SEQUENCE: 6

Asp
1

Pro

Lys

Tyr
65

Glu

Lys

Gln

Leu

145

Pro

Asn

Leu

Leu Glu Pro Lys Ser Ser Asp Lys

Ala Pro Glu Leu Leu Gly Gly Pro

20 25

Pro Lys Asp Thr Leu Met Ile Ser
35 40

Val Val Asp Val Ser His Glu Asp

50 55

Val Asp Gly Val Glu Val His Asn

70

Gln Tyr Asn Ser Thr Tyr Arg Val
85

Gln Asp Trp Leu Asn Gly Lys Glu
100 105

Ala Leu Pro Ala Pro Ile Glu Lys

115 120

Pro Arg Glu Pro Gln Val Tyr Thr
130 135

Thr Lys Asn Gln Val Ser Leu Thr
150

Ser Asp Ile Ala Val Glu Trp Glu
165

Tyr Lys Thr Thr Pro Pro Val Leu
180 185

Tyr Ser Lys Leu Thr Val Asp Lys
195 200

90

Tyr

Thr

Leu

Cys

Ser

170

Asp

Ser

Ala

Lys

Lys

Ile

Pro

Leu

155

Asn

Ser

Arg

Leu

sgquence

Thr

10

Ser

Arg

Pro

Ala

Val

90

Tyr

Thr

Leu

Cys

Ser

170

Asp

Ser

His

Val

Thr

Glu

Lys

75

Ser

Lys

Ile

Pro

Leu

155

Asn

Ser

Arg

Cys

Ser

Pro

140

Val

Gly

Asp

Trp

His
220

Lys

Lys

125

Ser

Lys

Gln

Gly

Gln

205

Asn

Val

110

Ala

Arg

Gly

Pro

Ser

190

Gln

His

95

Ser

Lys

Asp

Phe

Glu

175

Phe

Gly

Tyr

with SCC hinge,

Thr

Phe

Pro

Val

60

Thr

Val

Cys

Ser

Pro

140

Val

Gly

Asp

Trp

Cys

Leu

Glu

45

Lys

Lys

Leu

Lys

Lys

125

Ser

Lys

Gln

Gly

Gln
205

Pro

Phe

30

Val

Phe

Pro

Thr

Val

110

Ala

Arg

Gly

Pro

Ser
190

Gln

Pro

15

Pro

Thr

Asn

Arg

Val

95

Ser

Lys

Asp

Phe

Glu
175

Phe

Gly

Asn

Gly

Glu

Tyr

160

Asn

Phe

Asn

Thr

wild-type

Cys

Pro

Cys

Trp

Glu

80

Leu

Asn

Gly

Glu

Tyr
160
Asn

Phe

Asn
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44

Val Phe Ser Cys Ser Val Met His Glu

210

215

Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
230

225

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 7
H: 687
DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Nucleotide

<400> SEQUE:

gagtccaaat

tcagtettee

gtcacgtgeyg

gtggatggeg

acgtaccgtyg

tacaagtgca

gccaaaggge

accaagaacc

gtggagtggg

gactccgacy

gaggggaatg

aagagcctcet

<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 7

atggtcccce

tgttccecce

tggtggtgga

tggaggtgca

tggtcagegt

aggtctccaa

agccccgaga

aggtcagect

agagcaatgg

getecttett

tctteteaty

cecctgtetet

D NO 8

H: 229
PRT

gtgcccatca

aaaacccaag

cgtgagecag

taatgccaag

cctecacegte

caaaggccte

gccacaggty

gacctgectyg

gcagccggag

cctetacage

ctcegtgatyg

gggtaaa

tgcccageac

gacactctca

gaagaccccyg

acaaagccge

gtgcaccagg

cegtecteca

tacaccctge

gtcaaaggct

aacaactaca

aggctaaccyg

catgaggcete

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Predicted amino acid sequence of wild-type

RE:

human IgG4-hinge-CH2-CH3-1 allotype

<400> SEQUENCE: 8

Glu Ser Lys
1

Leu Gly Gly

Leu Met Ile

Ser Gln Glu
50

Glu Val His
65

Thr Tyr Arg

Asn Gly Lys

Ser Ile Glu

115

Gln Val Tyr
130

Val Ser Leu

Tyr Gly Pro Pro Cys

5

Pro Ser Val Phe Leu

20

Ser Arg Thr Pro Glu

40

Asp Pro Glu Val Gln

55

Asn Ala Lys Thr Lys

70

Val Val Ser Val Leu

85

Glu Tyr Lys Cys Lys

100

Lys Thr Ile Ser Lys

120

Thr Leu Pro Pro Ser

135

Thr Cys Leu Val Lys

Pro Ser Cys
10

Phe Pro Pro
25

Val Thr Cys

Phe Asn Trp

Pro Arg Glu
75

Thr Val Val
90

Val Ser Asn
105
Ala Lys Gly

Gln Glu Glu

Gly Phe Tyr

220

ctgagttect
tgatctceeyg
aggtccagtt
gggaggagca
actggctgaa
tcgagaaaac
ccccateeca
tctaccccag
agaccacgcc
tggacaagag

tgcacaacca

Pro Ala Pro
Lys Pro Lys
30

Val Val Val
45

Tyr Val Asp
60

Glu Gln Phe

His Gln Asp

Lys Gly Leu

110

Gln Pro Arg
125

Met Thr Lys
140

Pro Ser Asp

Ala Leu His Asn His Tyr Thr

dgggggacca

gacccctgag
caactggtac
gttcaacagce
cggcaaggag
catctccaaa
ggaggagatg
cgacatcgee
tccegtgety
caggtggcag

ctacacgcag

Glu Phe

15

Asp Thr

Asp Val

Gly Val

Asn Ser
80

Trp Leu

95

Pro Ser

Glu Pro

Asn Gln

Ile Ala

sequence of human IgG4 hinge-CH2-CH3

60

120

180

240

300

360

420

480

540

600

660

687
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45

-continued

46

145 150 155

Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
165 170

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
180 185 190

Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser
195 200 205

Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
210 215 220

Leu Ser Leu Gly Lys
225

<210> SEQ ID NO 9

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 9

Lys Leu Glu Ile Lys
1 5

<210> SEQ ID NO 10

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 10

Leu Thr Val Ser Ser
1 5

Thr
175
Arg

Cys

Leu

160

Thr

Leu

Ser

Ser

We claim:

1. An isolated anti-CD180 antibody or an antigen binding 40
fragment thereof, comprising the complete amino acid of
SEQ ID NO:2.



